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Abstract
The current work investigates relationships between poor educational outcomes and 
memory problems o f children with specific learning difficulties (SpLD).
In the first study, groups o f children with dyslexia, dyspraxia and attention deficits, 
replicated findings consistent with simple relationships between phonological loop 
and dyslexia, visuo-spatial sketch-pad and dyspraxia and central executive and 
attentional problems. A  subsequent study incorporated children with hyperactivity 
features into an attention deficits group, leading to a reduction in the specific 
relationship with poor central executive functioning. Children with mixed attention 
and hyperactivity problems still showed deficits in complex working memory tasks, 
but primarily with visual-spatial material. In a further study, dyslexic children with 
additional attentional problems showed central executive and phonological loop 
weaknesses and adding children with a mixed profile o f attentional/behavioural 
difficulties led to mixed weaknesses in central executive and visuo-spatial areas.
Regression analyses indicated attentional difficulty levels predicted variability in 
performance, whereas behavioural difficulty levels did not. Factor analysing control 
children’s data revealed a factor structure consistent with the tripartite model. Similar 
analysis o f the results o f learning difficulties children showed factor loadings 
variations, indicating either a different memory structure or, more likely, different 
interactions between task demands and underlying ability. Differences across 
primary and secondary groups also argued for mnemonic strategy use and/or a larger 
knowledge base serving working memory processes. A  final study incorporated 
practicing mnemonic strategies and argued for behavioural and underlying cognitive 
difficulties negatively impacting on strategies use, with improvements in memory 
performance primarily being observed when areas o f ability were harnessed.
Such findings were used to describe information processing from encoding through 
to recall, with discussions o f this processing model incorporating working memory 
features o f SpLD children, factors o f attentional control and threats to/protections o f 
memory processes. Implications for assessment methods, bespoke remediation 
design and mnemonic strategies training are discussed.
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1During a British child’ s educational experience, age-related National 
Curriculum Tests and school achievement assessments examine whether he or she 
has taken in the appropriate level o f knowledge and skills according to his or her age. 
These assessments assist the teachers in predicting what level o f examination results 
may be expected and in what areas the child may require support. In order to 
perform these tests and assessments the child has to have learnt appropriate 
information and have acquired the skills necessary to process that information. In 
order to learn the child has to process, store and recall material whether it is in 
written form given verbally or o f a visual or spatial nature. He or she may have to 
draw material from the previously stored information in his long-term memory and 
do some complex manipulation whilst holding on to newly acquired material. Some 
children find extreme difficulty with memorising material and thus their learning 
suffers: they do not reach the levels o f achievement expected o f them for their age. 
These children may be said to have learning difficulties.
In order to fully understand the memory and cognitive processing o f children who 
have difficulties in educational-related learning, it is important to take into account 
factors that may affect such processing in their environment o f learning. As well as 
their own intra-individual differences, children may respond in a variety o f ways, 
positive and negative, to their classroom environment and their school learning 
procedures.
The impact o f a child not reaching the expected age-related achievement targets in 
such tests or assessments can be considerable. The child, the parents, teachers and 
support staff and the school and its resources can each be negatively affected. 
Children who fall behind their peers can suffer from low self-esteem or bullying. 
Having to come out o f normal class for remediation with special needs teachers can 
be stressful and demeaning and result in their having less knowledge across the other 
subjects. Parents are encouraged to help and support their children in homework yet 
they face an added burden where children are experiencing difficulties and it is often 
the case that the parent may have had educational difficulties themselves. Where
C h a p t e r  1 :  I n t r o d u c t i o n
2children in their class are falling behind, there is pressure on classroom teachers to 
provide a wide range o f levels o f teaching which may result in some o f the more able 
children not getting the attention they require. Where educational-related learning 
difficulties exist this involves provision o f special needs coordinators and teachers, 
diagnostic assessments, the design o f appropriate interventions and the necessary 
materials and equipment to carry those out. Some schools in certain catchment areas 
have a high proportion o f intake o f children with difficulties, which may put extra 
burdens on their available funding and resources. Further complications emerge 
given the increasing number o f children identified as having complex problems, 
including emotional difficulties, which can result in challenging behaviour in school. 
Children whose assessment cut-off scores are on the borderline for provision may 
require further or more detailed assessments to ascertain how much they are impaired 
considering their age, abilities and potential.
It can thus be seen that studying the working memory and associated cognitive 
processes o f developing children in their school learning environment, can involve a 
complex number o f issues. It is vital therefore to ensure that research based on good 
psychological practice is carried out in order to uncover why and how children’ s 
memory systems may fail them. Reliable, informative and effective assessments that 
provide the basis for provision o f interventions to remediate difficulties must not be 
based on any prevailing educational or governmental trend or fashion: they must be 
based on grounded psychological research drawn from studies o f children who 
represent the fullest range o f ages and variables that may be possible to find in any 
school whether state or independent.
It is possible that data from such research may also inform current theories o f 
memory and cognitive processing as well as developmental aspects o f learning and 
reveal more about the nature o f learning difficulties in ‘real life ’ settings. Both 
quantative and qualitative studies should have their place in such research, given the 
diverse experience o f each individual child in his or her particular school. Every 
child will bring to a memory or cognitive processing testing situation his/her 
particular* mix and range o f variables, which may affect the scores.
3The need to combine studies o f working memory as it relates to education is 
highlighted by Pickering (2006). Pickering’ s publication draws together 
contributions from a number o f specialists in the field o f working memory in relation 
to the core education subjects o f reading and numeracy, the classroom experience, 
assessment and remediation. Similarly Alloway (2006) confirms that in studying 
working memory in terms o f child development there is a need to draw together 
research from more than one area o f research. The publication edited by Alloway 
and Gathercole (2006) offers contributions from experimental, clinical and 
neurodevelopmental researchers who have studied participants with specific forms o f 
educational related difficulties as well as autistic and Down syndrome and Williams 
syndrome patients. This body o f work attempted to engage with this diversity and 
progresses from quantitative assessments o f highly selected groups to observations o f 
the particular struggles o f individual pupils during testing or training situations. The 
resulting data were used to design a model o f working memory and cognitive 
functions that included the peripheral issues likely to affect children in their learning 
environment detailed above. This model could assist researchers, assessors and 
teaching staff in their endeavours to provide the best possible chances for each child 
to reach their full learning potential.
A  considerable body o f past research has explored the possible reasons why some 
individuals find it difficult to remember information despite having the intelligence 
and motivation to do so. As related above, such difficulties are confirmed by research 
studies to have detrimental effects on educational achievement tests such as National 
Curriculum Tests; in particular difficulties are seen when processing in complex 
memory task situations (e.g. Gathercole & Pickering, 2000a, 2000b; Gathercole, 
Pickering, Knight & Stegmann, 2004; Jarvis & Gathercole, 2003; St. Clair- 
Thompson & Gathercole, 2006). Preparing children to undertake National 
Curriculum Tests and School Achievement Tests takes up a great deal o f effort by 
teachers and children; where children are having difficulty with learning, the effort 
needed is increased. Subsequent to testing, where children may be failing, there are 
implications for the individual child in terms o f lowered self-esteem and self- 
efficacy, and again, more pressure on teaching or pastoral support staff.
4Particular academic learning difficulties central to the testing requirements are also 
known to be affected by poor working memory. The core subjects o f literacy and 
numeracy are o f prime importance in early school years as they are the basis for the 
broader learning required in later educational experience. I f  children are not 
competent in these core areas, this has implications for present and future schooling 
requirements. Where children have to be remediated by extra support for these basic 
subjects, they have to be taken out o f other lessons for that support. As a result, they 
can fall further behind their peers who are able to take in a broader range o f 
information. Research has confirmed that there is a negative impact o f poor 
working memory on these core areas. These include studies o f reading abilities and 
comprehension (e.g. Nation, Adams, Bowyer-Crane & Snowling, 1999; Bayliss, 
Jarrold, Baddeley & Leigh, 2005; Swanson, 1999; Swanson, Ashbaker & Lee, 1996; 
Swanson & Sache-Lee, 2001;) and mathematics (e.g. Adams and Hitch, 1997). 
Memory difficulties have also been found to impact both reading and mathematics 
(e.g. Gathercole, Tiffany, Briscoe, Thorn, & Avon Longitudinal Study o f Parents and 
Children (ALSPAC), 2005; Siegel & Linder, 1984; Swanson & Jerman, 2007).
Groups with these difficulties are often referred to in these studies as having a 
Teaming difficulty/disability’ (LD ) (more common in American or Canadian based 
studies), reading difficulty/reading impaired (RD or R l) or mathematics difficulties 
(MD). In the UK, individuals who fail to achieve their expected level o f education at 
school who have severe difficulty in one or more particular area o f learning or cognitive 
processing, yet who have abilities in other areas are said to have ‘specific learning 
difficulties’ (SpLD). (See Appendix A).
Specific learning difficulties in education and Working Memory
After assessment by educational or occupational psychologists, individuals with a LD may 
be described as having dyslexia, dyspraxia (Developmental Co-ordination Disorder 
(DCD)) and/or Attentional Deficit (Hyperactive) Disorder (ADHD) i f  their particular 
difficulties are with written language, poor co-ordination and mental organisation, or 
difficulties with concentration/attention respectively. Full current definitions o f these 
disorders can be found in Appendix A. Such ‘specific learning difficulties’ can be seen in 
young children but are also known to persist into adulthood. Studies o f such individuals
5have found poor short-term (STM) and working memory (W M ) to be associated with each 
type o f SpLD (see below). Difficulties in processing sequential information, important in 
recall o f certain types o f information such as telephone numbers and instructions, have 
been noted in both dyslexia and dyspraxia (see Jeffries & Everatt, 2003), children with 
ADHD having impaired verbal working memoiy (Barkley, 2007).
Special groups research: Typical vs atypical learners
Working memory research using special or atypical groups has investigated the 
factors that constrain working memory performance. Studies have looked at 
processing, storage and manipulation o f material comparing results from groups o f 
participants with various types o f LD or SpLD with individuals who do not exhibit 
difficulties in learning. As well as endeavouring to establish areas o f cognitive or 
processing weaknesses that may be contributing to memory deficits, or the existence 
o f areas o f supportive abilities (thus informing effective interventions), such research 
also provides additional information which may enlighten understanding o f processes 
in normal populations (Everett, 1999).
Dyslexia
Since it was recognised that some individuals have difficulties in acquiring literacy 
skills, there have been, and continue to be, variations in the definition o f the 
condition known as developmental dyslexia. (A  current definition can be found in 
Appendix A ) Dyslexia is indicated by deficits in written language, with a child 
failing in educational areas due to weaknesses in acquiring information through the 
written word (Miles & Miles, 1999; Snowling, 2000).
The term dyslexia means difficulty with words or language and it is a term generally 
given to describe individuals who are failing to acquire reading skills appropriate to 
age level, excluding possible causes such as brain injury, mental retardation, 
emotional difficulties or environmental influences. The severity o f difficulty and 
impairment and level o f areas o f ability coexisting with the difficulty varies across 
individuals such as difficulties with verbal abilities, sequential ordering or motor/ 
balance skills (DIES, 2004). It is now also recognised that dyslexia can occur across
languages and cultures as well as children with English as their first language (see 
Smythe, Everatt, & Salter, 2004; Siegel & Smyth, 2004).
Such conditions are not rare, with anywhere between 5% and 15% o f the school 
population suffering some form o f cognitive-based learning difficulty that may affect 
their educational achievement in literacy areas (see Capute, Accardo & Shapiro, 
1994; Dockrell & McShane, 1993; Reid & Wearmouth, 2002; Stone, Silliman, Ehren 
& Apel, 2004).
As well as a variety o f definitions, the causes o f such difficulties can range from 
problems with phonological awareness, Magnocellular or cerebellum dysfunctions, 
visual difficulties, temporal or automaticity difficulties or poor working memory 
processing (see for example, Galaburda, 1989; Snowling, 1995, 2000; Nicolson & 
Fawcett, 1999; Stein, 2001; Gathercole & Baddeley, 1993).
Dyspraxia (also known as Developmental Co-ordination Disorder (DCD)). 
Behaviour-related difficulties in children have also been found to affect educational 
achievement, with dyspraxia (or developmental co-ordination disorder), which is 
characterised by poor motor co-ordination, and attention-deficit/hyperactivity 
disorder (ADHD), which is related to difficulties in concentration/attention, both 
leading to weaknesses in educational achievement (Barkley, 1998; Hinshaw, 1994; 
Portwood, 1999; Rourke, 1989). Children with motor and balance difficulties were 
initially described as ‘ clumsy child syndrome’ with the term dyspraxia (difficulty 
with movement and actions) being used more recently. As well as encompassing 
problems such as co-ordination, visual, and directional perception, the disorder is 
also known to affect the way that information is processed, planned and organised; 
its detrimental effect on language and educational achievement leading it to be 
termed a specific learning difficulty by the 1980’s (Dighe & Kettles, 1996). As with 
dyslexia, severity, symptoms and impairment can vary. Complex tasks, especially i f  
requiring sequences o f action or responses, are particular difficult for dyspraxics 
(Portwood, 1999). Incidence within the population is said to be up to 10%, with 2% 
experiencing severe symptoms and four times as many males as females being 
affected (Dyspraxia Foundation, 2007). A  current definition o f this disorder can be 
found in Appendix A.
7ADD and ADHD
Children and adults who have attentional control difficulties, commonly described as 
ADD or ADHD, may present with a variety o f difficulties ranging from disruptive 
externalised behavioural problems like hyperactivity and impulsivity, mood swings 
and poor social skills to more internalised problems with day dreaming, lack o f 
concentration and attention and motivation. They may also find it difficult to process 
information given them by others such as following instructions; completing tasks set 
and remembering needed items (Barkley, 2006; Comiors, 1987). Barkley (2006, 
2007) also notes that these difficulties are neurological in basis.
The clinical classifications given in DSM-IV (APA, 1994) describe different 
presentations o f attentional difficulties: ADHD-IT (predominantly hyperactive- 
impulsive), ADHD-I (predominantly inattentive) and, for the majority o f cases, 
ADHD-C (combination o f H and I) although there is still controversy regarding such 
subtypes (see Milich, Ballentine & Lynam, 2001, and replies by Barkley, 2001 and 
Hinshaw, 2001). A  full current definition o f ADHD is provided in Appendix A.
The incidence o f ADHD is said to be in the region o f 3.8% using DSM-III and 7% 
for the DSM-IV in the United States o f America (Barkley, 2007). In the United 
Kingdom, ADHD is currently thought to affect between 3 and 7% o f school age 
children (ADDISS, 2007). In both citations, girls are said to show fewer symptoms 
with less likelihood o f aggressive behaviours.
Within the specific learning difficulties spectrum, assessments relating to primarily 
behavioural disorders include emotional behavioural disorder (EBD), conduct 
disorder (CD) and oppositional defiant disorder (ODD) (Barkley, 2007).
Additional difficulties resulting from specific learning difficulties 
Focussing primarily on practice within the UK, in order to ‘ qualify’ for support 
provision under the terms o f educational procedures, children must be shown to have 
sufficient difficulties to require such support. Educational psychologists typically 
report on deficits and problem areas; and quite rightly so, as that is where support is
8needed. Abilities o f the child may be noted, but they are unlikely to be highlighted in 
reporting assessments. Any child is most likely already very aware o f what they are 
unable to do; having a formal assessment engenders identification o f and emphasis 
on those difficulties and, in most cases, a descriptive label is given to denote the 
particular SpLD profile. The potential impact o f such negative labelling on self­
esteem is well known (see Miles, 2004), being called ‘ special needs’ or by any o f the 
acronyms for SpLDs such as DCD or ADHD, could adversely affect the child in this 
sense o f identity but also engender bullying. There is potential for additional 
negative impact as these emotional/behavioural issues interact with presenting 
difficulties in learning.
Behavioural difficulties have indeed been found to impact academic achievement in 
studies undertaken by, for example, Adams & Snowling (2001), Adams, Snowling, 
Hemiessy & Kind (1999) and Merrell & Tymms (2001). As well as individual 
differences in learning styles, cognitive profiles, emotional and behavioural issues 
(which may be as a result o f problems or may cause the problems), low self esteem 
or lack o f confidence has also been noted to negatively impact and interact with 
presenting cognitive differences. Miles (1993a) recognised a variety o f individual 
dyslexic profiles and also highlighted the stress o f living with a learning difficulty 
(Miles, 2004). Similar issues also pertain to ADD and ADHD (Barkley, 2007) and 
dyspraxia (Dyspraxia Foundation, 2007; Portwood, 1999).
Comorbidity/co-occurrence of difficulties
A  further complication may arise when individuals assessed as having SpLDs or 
requiring SEN, may present with a range o f deficits, some o f which seem to be 
common across groups and others o f which may be more specific to one. Moreover, 
there are known to be high levels o f overlap (co-morbidity) between these disorders. 
For example, Dewey, Kaplan, Crawford & Wilson (2002) found that children 
identified as having problems with motor coordination associated with dyspraxia 
(DCD) were found to be highly likely to also have attentional and learning 
difficulties and to experience more psychosocial problems than control children. 
Dyslexia has also been found to co-occur with other difficulties. Nicolson (2000) 
commented on a high level o f co-morbidity between dyslexia and dyspraxia with
9many dyslexic children showing evidence o f the clumsiness seen in dyspraxia and 
both conditions being related to reading problems. The attentional difficulties 
commonly associated with ADD and ADHD children are also found in those with 
dyslexia and dyspraxia. A ll groups have problems with memory and attention spans, 
and children with these conditions are often slow in recalling information during 
stressful situations (Barkley, 2007; Norrelgen, Lacerda & Forssberg, 1999;
Portwood, 1999).
Difficulties inherent in comorbidity
Where children’ s difficulties are complex and harder to identify than where they 
present with a severe problem in one o f the discreet areas mentioned above, this can 
give rise to perplexing questions for assessors and thus for support staff. In cases 
where children are found to be ‘borderline’ on scores across several areas in their 
educational psychologist assessment tests, this involves complex judgements having 
to be made when reporting the results and giving recommendations for remediation. 
These reports will form the basis on which funding and provision o f support are 
provided for each child via the staff and equipment provided through their school.
Dewey, Kaplan, Crawford & Wilson (2002), as well as recognising the difficulties 
inherent in high levels o f comorbid difficulties, recommend broad based assessments 
o f any child with movement problems. They and other researchers/practitioners have 
indicated that a different approach to traditional assessments may be required 
(Kaplan, Dewey, Crawford & Wilson, 2001), Gilger & Kaplan (2001) in Canada and 
Kewley (1998) in the United Kingdom, Deponio (2004) suggests that in the case o f 
comorbidity, easy to administer tasks such as those in working memory tests could 
prove to be an initial step available to teachers or support staff to administer. 
Deponio notes that children’ s own preferred strategies could be effectively identified 
and used as vehicles for bespoke learning style and use o f their available strengths:
"Identification of needs, without premature labelling, is the key to promoting 
appropriate and constructive early identification and intervention criteria. ” 
(Deponio, 2004), p. 214.
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Results o f a study o f simple and complex working memory tasks in children who 
have learning difficulties (a low reading ability for their age) by Bayliss, Jarrold, 
Baddeley & Leigh (2005), indicate that as well as having deficits in simple spans, 
compared to reading age matched controls, atypical learners’ processing o f complex 
material may be qualitatively different to that o f typical learners.
The Working Memory Model Construct
The main framework adopted for this research is the tripartite Working Memory 
(W M ) model as proposed by Baddeley & Hitch in 1974 and including Baddeley’s 
(2000) recently revised model which includes an episodic buffer (EB) to provide a 
temporary storage and integrative facility alongside the central executive (CE) o f 
working memory (figure 1 below).
This model was chosen to discuss the findings o f this research as its structure 
encompasses the types o f material and the simple and complex processing that 
children are likely to encounter at school. Furthermore, these components o f the 
model also reflect the main areas o f difficulty encountered by those with the specific 
learning difficulties o f dyslexia and dyspraxia (phonological and visuospatial). As 
can be seen below, the central executive’ s involvement in attentional processing 
reflects the core problems o f those with ADD or ADHD.
The Working Memory Model was originally envisaged to comprise a CE to control 
the encoding and retrieval o f stimuli input and monitoring attention changes 
(Baddeley 1996). The CE also controlled the mental manipulation o f information 
stored in two sub systems: the phonological loop (PL) for sound based input 
(Baddeley, 1986) and a visuo-spatial sketch pad (VSSP) for visual and spatial input 
(Logie, 1995). Active components were identified within these storage systems: the 
articulatory loop (A L ) and inner scribe (IS) respectively. The recent addition o f the 
episodic buffer, a limited capacity system that temporarily stores information for 
integrating long-term memory with the two sub-systems (Baddeley, 2000a), provides 
a possible route for discussions regarding the impact o f attention and executive 
processes on memory systems.
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Working Memory Model
a f t e r  B a d d e l e y  &  H i t c h  ( 1 9 7 4 )  r e v i s e d  b y  B a d d e l e y  ( 1 9 8 6 ,  2 0 0 0 )
‘Crystallised’ 
cognitive systems
Fluid system 
u n c h a n g e d  b y  l e a r n i n g
Figure I. The Working Memory Model after Baddeley & Hitch (1974), revised hy
Baddeley (1986, 2000).
Other explanations o f working memory processes have been proposed which 
consider issues o f activation levels above threshold, neurological processes, storage 
capacity, effectiveness o f processing and ability to store and process information 
simultaneously as well as inhibiting intrusions during processing (see Kane, Conway, 
Hambrick & Engle, 2007; Miyake & Shah, 1999; Reuter-Lorenz & Jonides, 2007). 
Although the current work will focus on the Baddeley (2000) perspective, these 
alternative viewpoints will be referred to in this thesis, particularly in the discussion 
section when they will be included in a model that attempts to explain the current 
data and provide a framework for further testing.
Neurological aspects of working memory
Neurological evidence from clinical research has indicated that memory processing 
itself is carried out in different parts o f the brain. Miyake & Shah (1999) cite 
evidence from studies o f lesions and also from PET scans which indicate that the left 
hemisphere is implicated with memory functions typically attributed to the
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phonological loop (lesions injunction o f parietal lobes/post temporal lobe; lower left 
supra-marginal gyrus); the right hemisphere with VSSP memory (occipital and 
parietal lobes) with spatial W M  functioning cited in superior and inferior parietal 
cortex. However, the right parietal cortex has not been implicated in visual WM, 
substantiating further neurological evidence for separation o f visuo-spatial working 
memory (Darling, Della Sala, Logie & Cantagallo, 2006). The prefrontal cortex 
known to be associated with attention and executive functioning (Barkley, 2007) was 
also found to be implicated in complex memory tasks (language and VSSP). Lesions 
in the left inferior prefrontal cortex were found to affect semantic memory and those 
in the right anterior prefrontal cortex affected episodic memory.
Previous research has implicated deficits in the components o f working memory with 
patterns o f cognitive functioning characteristic o f atypical learners. Howieson & 
Lezak (1995) provide neuroanatomical evidence o f the link between working 
memory problems and difficulties or disabilities o f information registration 
(attentional capacity, information processing) and executive functions. The authors 
cite examples o f individuals with brain lesions in places associated with impairment 
in particular cognitive or memory functioning, such specific impairments being 
reflected in poor performances on tests tapping those functions. These acquired 
impairments reflect the difficulties associated with the memory problems o f 
developmental learning difficulties o f dyslexia, dyspraxia and ADHD. Aphasic 
stroke patients having verbal memory language impairment. Individuals with 
visuospatial problems having impaired recall o f such material. Howieson and Lezak 
(1995) also explain that Korsakoff syndrome patients with frontal lobe atrophy not 
only have executive function disorders but also severe memory impairments.
A  paper by Gilger and Kaplan (2001) reviewed the research into neuroanatomical 
difficulties with that which investigated educational difficulties. Given the very high 
rates o f comorbidity in DCD and other SpLDs, they proposed the term ‘atypical 
brain development’ (ABD ) to describe individuals with learning that does not follow 
the expected pattern, thus highlighting the biological as well as developmental 
aspects involved in education and retention o f new knowledge. Similarly, 
neuroimaging studies have also emphasised the biological nature o f learning
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difficulties. For example, when children with dyslexia had been given language- 
processing remediation, results o f functional MRI imaging showed increases in brain 
activity o f the associated areas (Temple, Deutsch, Poldrack, Miller, Tallal,
Merzenich & Gabrieli, 2003).
Although the majority o f studies are focussed on children, adults studies indicate that 
working memory problems associated with SpLD persist beyond childhood. For 
example, the VSSP and the PL were linked to respective weaknesses found amongst 
adults with dyspraxia and dyslexia (Jeffries & Everatt, 2003). In addition, Smith- 
Spark, Fisk, Fawcett & Nicolson (2003) have found CE impairments in adult 
dyslexics compared to controls when high load recall situations were implemented.
Research into variations in working memory associated with SpLD groups.
A  range o f child studies covering the main groups o f SpLD in association with W M  
deficits has been conducted in the past. Researchers select participants who have 
been assessed with SpLD, provide them with various tasks that reflect their difficulty 
and tasks that require them to use their short term or working memory in order to 
recall certain types o f material. Participants’ results are compared with other groups, 
either with no learning difficulty or with a different type o f difficulty. As well as 
providing data with which to inform theoretical accounts o f why or how learning is 
more difficult for certain children, such research also provides information from 
which to draw the basis for effective assessment procedures, upon which funding for 
and provision o f support for children at school is based.
For example, children with language-related impairments have been found to show 
poor scores on phonological loop tasks (Gathercole & Baddeley, 1990; Jarrold & 
Baddeley, 1997). More recently, Helland & Asbjornsen (2003, 2004) and 
Asbjornsen, Helland, Obrzut & Boliek (2003) studied working memory abilities in 
ten to sixteen year-old Norwegian children comparing dyslexics with control 
children. The findings suggested that dyslexics had deficits in all areas o f recall 
compared to controls and required back-up strategies in all tasks and conditions 
whereas the controls did not. A  severe dyslexia group were also found to have higher 
levels o f mathematics problems.
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Berninger, Abbott, Thomson, Wagner, Swanson, Wijsman & Raskind (2006) studied 
storage and processing memory abilities in children with dyslexia and their affected 
biological parents. Both children and adults were most severely impaired, on 
average, in three working memory tasks: phonological word-form storage, time- 
sensitive phonological loop and executive functions involving phonology. The 
results obtained from the children indicated separable PL and CE skills but the 
adults’ data showed executive support was involved in PL tasks. Working memory 
recall o f verbal material (abstract words) has been found to be impaired in poor 
reading comprehenders (PRC) compared to controls, but the PRC groups’ spatial 
span was not impaired (Nation, Adams, Bowyer-Crane & Snowling, 1999).
Children with dyspraxia or DCD have been found to have impaired recall 
particularly in VSSP W M  (e.g. Jeffries and Everatt, 2003; Portwood, 1999). 
Recently, Alloway & Temple (2005) compared DCD and moderate learning 
difficulties (M LD ) groups o f primary age children on verbal and spatial STM and 
W M  tasks. Results indicate that the DCD group had lower scores over all tasks but 
were significantly impaired in the spatial tasks compared to the MLD group. I f  
children with dyspraxia/DCD show evidence o f visuo-spatial STM deficits, this may 
relate to the work o f Mammarella & Cornoldi (2005) who compared results o f 
children with visuo-spatial learning difficulties (VSLD) with controls on tasks o f 
verbal and spatial spans in forward and reverse conditions. Both groups had more 
difficulty in reverse conditions o f verbal span, indicating the requirement o f central 
executive processing. Although lower, the VSLD group’s forward spatial span was 
not significantly different from controls, but such a difference was found in reverse 
visuo-spatial recall. It was concluded by the authors that this indicated reverse 
spatial span involved specific non-sequential spatial processing in which the VSLD 
children were impaired.
Barkley (2007) documents the difficulties in verbal working memory associated with 
individuals with ADHD. Adams & Snowling (2001) compared a group o f primary 
age children with hyperactivity and reading impairment (R I) with groups o f non­
hyperactive RI and controls on results o f W M  tasks (digit span and counting span)
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and literacy and executive function tasks. Results indicated that cognitive deficits 
associated with hyperactivity were not linked to the phonological deficits associated 
with RI, but were linked to impaired forward digit recall (although not counting 
span). Deficits in CE memory processing have been linked to ADHD in studies such 
as Roodenrys, Koloski & Grainger (2001) who compared recall results o f groups o f 
ADHD comorbid with RD, RD and controls. The comorbid group were impaired in 
higher loading memory tasks requiring executive processing and CE tasks were able 
to identify ADHD from RD individuals. In addition, Norrelglen, Lacerda & 
Forssberg (1999) noted a similar effect o f  comorbidity where recall o f a 
ADHD/DCD group were more impacted by a heavy working memory load than 
controls but also more than an ADHD alone group.
SpLD abilities related to WM processes
There have been indications that, although individuals with SpLD may have 
difficulties in particular areas, they may also have abilities in others. For example, 
despite links between the underlying phonological and literacy deficits in dyslexics, 
the Dyslexia Institute (1999) has noted that individuals with dyslexia may have 
excellent visual-spatial abilities due to the disproportionate number o f these people 
being found in mathematical and architectural fields. Furthermore, Nation, Adams, 
Bowyer-Crane & Snowling (1999) found spatial span abilities to be intact in a group 
o f poor reading comprehenders compared to controls, despite verbal span being 
impaired reflecting their phonological and literacy difficulties. Similarly, Howard, 
Howard, Japikse & Eden (2006) also found dyslexics to be impaired on sequence 
learning despite intact spatial learning. However, suggestions that dyslexics have 
superior visuo-spatial skills have been described as ‘equivocal’ by some researchers 
(Winner, von Karolyi, Malinsky, French, Seliger, Ross & Weber, 2001).
In terms o f the other SpLD types, Jeffries &  Everatt (2003) found that dyspraxics 
have forward digit span scores equal to controls and not all areas o f memory have 
been found to be affected in ADHD groups (Barkley, 2007).
Gilger & Kaplan (2001) proposed that strengths as well as weaknesses should play a 
part in assessment and remediation, a viewpoint also discussed by Deponio (2004). 
The potential for harnessing any cognitive abilities for protection against recall
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deficits in individuals with SpLD will be investigated within the research performed 
as part o f this thesis. Identifying differences between SpLD groups and highlighting 
areas o f ability and weaknesses is important both in the implementation o f support 
procedures and applied practice in learning and social environments but could also 
provide an opportunity to test theoretical positions and inform their development.
Protection against learning difficulties
Mnemonic strategies
Mastropieri, Scruggs and their colleagues have undertaken a large body o f work 
investigating the effectiveness o f mnemonic strategies in mitigating learning 
difficulties. Mastropieri, Sweda & Scruggs (2000) described such strategies as being 
able to “ enhance student learning and memory by explicitly connecting new 
information with prior knowledge by means o f visual and acoustic clues” (p. 69). 
Scruggs & Mastropieri’ s (2000b) meta-analysis o f thirty-four studies o f mnemonic 
instruction strategies in students displaying a variety o f difficulties (including LD, 
behavioural difficulties and slight cognitive backwardness) revealed a high level o f 
effectiveness o f the strategies in a variety o f settings, including classroom learning.
Individual differences
Although general SEN can affect learning, the specific effects presented by an 
individual may be influenced by other individual difference variables. For example, 
Gordon, Antshel, Faraone, Barkley, Lewandowski, Hudziak, Biederman & 
Cunningham (2006) concluded that symptoms o f ADHD alone, without reference to 
the level o f impairment experienced by the child, are not necessarily informative 
about difficulties the individual may present in classroom conditions. Some 
individuals may show high hyperactivity levels but overcome these in learning 
through increased motivation, for example. Brooks & Goldstein (2001) propose that 
levels o f resilience can be a factor in ameliorating learning difficulties and the ability 
to ‘reframe’ and appropriately utilise strengths and weaknesses has been associated 
with success levels in adults with LD (Gerber, Ginsberg & Reiff, 1992).
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Synopsis o f studies
In the research work presented as part o f this thesis, the tripartite W M  model was 
used as a framework for the differentiation o f underlying cognitive abilities and 
deficits found in atypical learners/SpLDs and to investigate whether the 
identification o f such W M  profiles may be used to design effective intervention 
strategies tailored to individual skills and weaknesses. Consideration was also given 
to the additional theoretical explanations o f working memory functioning also 
mentioned in the theoretical section above in the general discussion o f findings.
The first study in this body o f work investigated working memory recall and 
cognitive abilities in highly selected groups o f individuals with SpLD. Study 1 
compared the results o f four groups o f children, aged eleven to fourteen from special 
schools, in which primary difficulties (with no apparent overlap o f other difficulties) 
had been identified in literacy (dyslexia), motor and organisational coordination 
(dyspraxia or DCD) and attentional control (ADD). Results from a fourth group o f 
aged matched children with no apparent difficulties provided a control comparison.
Study 2 was a cross sectional child study in which a combined test battery o f 
working memory and traditional cognitive assessments measures, in addition to 
teacher rated cognitive and behavioural difficulty observations, were used to examine 
the short term and working memory performances o f mainstream school children 
aged from seven to fifteen years. For analysis purposes the children were grouped by 
educational achievement/assessment into three groups: controls having no apparent 
difficulty in learning experience (typical learning profiles) and two atypical learning 
profile groups who were receiving special educational needs (SEN) support from the 
school. One SEN group primarily had difficulties in literacy acquisition ( ‘ dyslexic’ 
SEN). The second SEN group ( ‘other SEN’ ) had ranges o f difficulties that included 
literacy difficulties but with overlaps o f coordination, attentional control and other 
problems affecting their educational achievements.
Results o f tests were analysed to examine the effectiveness o f working memory 
performance, measured using tasks from Pickering & Gathercole’s (2001) Working 
Memory Test Battery for Children (WMTB-C), at identifying SpLD/SEN. This was
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contrasted against traditional SEN assessment tasks that were comparative in 
underlying cognitive processes to WMTB-C tasks. Developmental differences, such as 
span capacity, ability to use strategies, and other age-related factors, that may exist 
between primary and secondary level school age groups were also examined in study 2. 
The primary school children ranged in age from seven to eleven and the secondary 
school children from eleven to fourteen.
Study 3 contrasted memory recall results obtained from primary and secondary 
school-age children, again aged from seven eleven and eleven to fourteen years, with 
attentional/behavioural difficulties against age-matched children without apparent 
difficulties. Sequences o f forward recall tasks followed the methodology o f Jeffries 
& Everatt (2003) with the addition that reverse sequence tasks were included in order 
to investigate a possible link between attention control/behavioural difficulties and 
W M  CE performance.
Study 3 also included details o f teacher reported observations o f cognitive 
behavioural difficulty checklists o f the participants from study 2 to investigate 
differences in these areas between controls and SEN groups, as well as between pure 
and comorbid groups. Correlations between scores on the checklists and recall 
measures were conducted to investigate relationships between recall measures and 
cognitive/behavioural difficulties.
Study 4 was designed to investigate the possibility o f remediation to improve 
memory and learning abilities, past research having shown that even individuals with 
severe learning disabilities (LD ) improved their working memory performance using 
a range o f mnemonic strategies (Hulme & Mackenzie, 1992; Mastropieri, Sweda & 
Scruggs, 2000; Scruggs & Mastropieri, 2000b). A  meta-analysis o f studies o f 
mnemonic strategy instruction in LD commend its use as being beneficial and found 
results to have a large effect size (Scruggs & Mastropieri, 2000a). Mnemonic 
strategies typically employ a variety o f sensoiy skills to improve the potential to store and 
recall information. However individuals with atypical learning profiles may be weak in the 
particular executive and cognitive functions underlying these skills. They may also lack 
the emotional and behavioural strengths to harness strategies.
1 9
This study also examined the effectiveness o f training in mnemonic strategies based 
on component profiles o f W M  (e.g. phonological weakness utilising a visual-spatial 
strategy; auditory rehearsal compensating for visual-spatial weakness) by training 
primary and secondary boys showing ‘ extreme’ profiles (lowest 2% o f standardised 
scores from combined test battery results. Pre-post training recall differences were 
calculated to determine i f  effective strategy use could generalise across tasks. Links 
were examined between effectiveness o f strategy use and cognitive profiles, effect o f 
other profile elements such as emotional/behavioural difficulties or age differences.
Wong, Harris, Graham & Butler (2003) emphasised the value o f the individual with 
learning disabilities owning and valuing their own strategy, reflecting the ethos o f the 
current U K  government initiative to promote personalised learning in schools and 
higher education (DfES, 2000a, 2000b). Understanding and knowledge o f a child's 
cognitive processing abilities by teacher and child and implementing effective 
strategies or compensations, may improve chances o f educational success and thus 
raise self-esteem and confidence. Harnessing and employing personal abilities and 
strategy skills and understanding and compensating for weaker areas should be 
useful across the life span, whether the individual has an atypical learning profile and 
experience or exhibits no apparent difficulties at all.
Study 4 featured an in-depth investigation o f nine cases from the training study data, 
comparing results o f study 2 to post training results in order to ascertain the effects o f 
development and individual differences on motivation, strategy ability and test 
behaviour. These cases were also examined in relation to results o f previous 
chapters.
Participant selection and group membership
This investigation began by examining short-term and working memory abilities o f 
groups o f children who presented evidence consistent with a single learning 
difficulty: dyslexia groups having literacy difficulties, dyspraxia groups having 
coordination problems, ADD groups showing attention control problems and ADHD 
groups having attention difficulties including hyperactivity and behavioural
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problems. These were contrasted with control groups that comprised children with 
no apparent learning difficulties. These learning difficulty children were selected 
from special schools or where children were supported in a facility attached to a 
mainstream school. Further data collection included selecting children from 
mainstream state schools. This was deemed to be representative o f the general 
population, but it included children assessed with more than one difficulty (co­
morbidity/co-occurrence); for example, dyslexia and ADD, or dyspraxia and ADHD. 
These children were assigned to an ‘ SEN other’ group for analysis, representing the 
high incidence o f co-morbidity found in educational practice.
Materials
This body o f work utilised measures thought to tap working memory, traditional 
psychometric assessments and observational data. The working memory test 
measures followed those traditionally used in working memory research such as 
those from the WMTB-C battery (Pickering and Gathercole, 2001). Where bespoke 
measures have been developed, these have been described within each study and 
illustrated in the appendices (e.g. spatial circles, adaptations o f digit recall items). 
Traditional assessment measures used to tap underlying cognitive processes were 
taken from the Phonological Ability Battery (PhAB), Dyslexia Screening Test (DST) 
and Bangor Dyslexia Test (BDT) (Frederickson, Frith & Reason, 1997; Fawcett & 
Nicolson, 1996 and Miles, 1993, respectively) and also derived from the Test o f 
Attention o f Children (1998). Observational data were obtained from a 
cognitive/behavioural difficulties checklist (CBDC), an adaptation o f teacher report 
scales as used in Connors’ Teacher Rating Scale -  Revised (L ) (1987), Goodman’s 
Strengths and Difficulties Questionnaire (SDQ) (2001), the Diagnostic and Statistical 
Manual o f mental disorders (DSM-IV) (1994) and bespoke items thought to reflect 
issues relevant to the SpLD groups. Scoring was as detailed in the individual studies.
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Study 1: Highly selected learning-difficulty groups compared to 
controls.
Introduction
Children described as having specific learning difficulties o f dyslexia, dyspraxia and 
ADHD (as described in the general introduction above), in addition to commonalities 
in educational under-achievement, have also been found to show deficits in short­
term memory (Dighe & Kettles, 1996; McLoughlin, Fitzgibbon & Young, 1994) by 
their poor recall o f material on simple recall tasks, said to indicate poor storage 
capacity. This has led to measures being developed to assess whether the individual 
components o f the working memory model could be used as a means o f examining 
memory processes o f children with atypical development, not only in such simple 
recall (short-term memory) measures but also in active working memory measures, 
where recall involves more complex processing, where material needs to be held in 
memory whilst another process is carried out (dual tasking) (e.g. Gathercole & 
Pickering, 2000a, 2000b; Hulme & Mackenzie, 1992; Swanson, 1993).
The measures used in such studies are said to tap the underlying processes o f the 
construct known as the Working Memory model, as conceptualised by Baddeley and 
colleagues (Baddeley & Hitch, 1974; Baddeley, 1986). This model (a diagram o f 
which can be found in the introduction section), has been proposed as comprising a 
central executive (CE), which controls stimulus encoding and retrieval while 
monitoring attentional changes (Baddeley, 1996), and two sub-systems, the 
phonological loop (PL ) for language-related stimuli and the visuo-spatial sketchpad 
(VSSP) for visual and/or spatial input (although see also: Baddeley, 2001; Della 
Sala, Gray, Baddeley, Allamano & Wilson, 1999; Logie & Pearson, 1997; Pickering, 
Gathercole, Hall & Lloyd, 2001).
Difficulties with measures reflecting the working memory model have been noted in 
children with learning difficulties and these appear to reflect the underlying 
difficulties inherent in their assessment. For example children with language-related 
impairments such as those found in dyslexia, have been found to show poor scores
C h a p t e r  2
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on phonological loop tasks (Gathercole &  Baddeley, 1990; Jarrold and Baddeley, 
1997). Individuals with dyspraxia, as well as having poor coordination and mental 
organisation, produce poor scores on non-verbal short-term memory tasks (Alloway 
& Temple, 2005; Jeffries & Everatt, 2003); a similar finding noted for children with 
visuo-spatial learning difficulties (Mammarella & Cornoldi, 2005). Individuals with 
attention deficit (hyperactive) disorder (ADHD) have difficulties in memory tasks, 
particularly when they involve more complex processing, and hence implicate the 
workings o f the central executive (Roodemys, Koloski & Grainger, 2001; Swanson 
& Sachse-Lee, 2001). Although these studies have used variable procedures and 
measures, they do suggest a relationship between different types o f learning 
difficulty and hypothesised components within the working memory framework.
This study was designed specifically to investigate this relationship further.
For current puiposes, the term learning difficulty was used to refer in general to the 
SpLD groups described above, given the evidence for educational problems to be 
characteristic o f all.
Children with a history o f literacy, motor coordination problems and attention 
deficits were selected and contrasted with a group o f children with no history o f 
persistent learning difficulties. Measures o f working memory functioning were 
selected based on education-related assessment procedures used in the field and as 
indicative o f the functioning o f the phonological loop system, the visuo-spatial 
sketchpad and the central executive (see discussion in Jeffries & Everatt, 2004).
Digit span is the most commonly used measure o f short-term memory used in 
educational practice and therefore was selected as a measure o f short-term verbal 
memory with the reverse span version o f the same task being used to assess more 
active memory processes. Procedures related to the Corsi blocks task are also the 
most likely non-verbal short-term memory task to be used in assessment procedures, 
and hence the present study included a version o f this procedure.
In addition to the short-term memory tasks, assessments o f phonological awareness, 
motor coordination, and freedom from cognitive interference were included to ensure 
that the groups selected presented evidence o f deficits in areas related to their
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specific cognitive difficulties. Phonological processing has been proposed in the 
literature as an area that is highly related to literacy deficits, particularly to the 
deficits presented by dyslexics (see Snowling, 2000; Stanovich, 1988; Wagner and 
Torgessen, 1987). An awareness o f sounds within words has been argued as vital for 
the child to recognise the relationship between letters (or graphemes) and sounds 
(phonemes) within the writing system (Adams, 1990; Bruck, 1993; Bryant and 
Bradley, 1985; Muter, Hulme, Snowling &  Taylor, 1998; Scarborough, 1998; 
Veluntino, 1987). Fine motor coordination deficits are the primary feature described 
when considering children with dyspraxia (Portwood, 1999; Visser, 2003). Both the 
phonological awareness measure and the motor task have been used in previous 
learning difficulties assessment procedures (see Fawcett & Nicolson, 1996; Ramus, 
Pidgeon & Frith, 2003). Measures o f interference were based on the Stroop 
procedures (Stroop, 1935) and provided estimates o f word- and object-based 
interference, which have been found to be indicative o f attention-related difficulties 
(see Everatt, McCorquodale, Smith, Culverwell, Wilks, Evans, Kay & Baker, 1999; 
Lufi, Cohen & Parishplass, 1990; Young, Bramham, Tyson & Morris, 2006) 
potentially due to deficits in inhibiting task inappropriate information.
Method
Participants
Secondary school-age children who, at the time o f testing, were aged between 11 and 
13 years old were selected. Children with learning difficulties were selected from 
specialist schools, or units within mainstream schools, that were organised to support 
children with the educational problems. Children with extreme behavioural disorders 
were not included in the sample given the potential problems that such severe 
difficulties may present for the data gathering procedures used and the potential 
concerns o f teachers and parents. Those for whom parental/guardian consent could 
not be obtained were not included in the study. Educational psychologist assessment 
reports (and any additional follow-up reports) were consulted as part o f a selection 
procedure that focused on children who fell into one o f the learning difficulty 
categories targeted. Where assessment reports or interviews with teachers indicated 
that a child could be placed into more than one o f these categories, the child was not 
selected for testing. Children with generally very low ability levels, suggestive o f
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severe learning difficulties, also were excluded from the sample. In addition, the 
learning difficulties children had, prior to this study, received at least one year of 
special teaching support and had been attending their current school for at least two 
terms. Selection procedures targeted a relatively focused age range to ensure that 
similar curriculum levels had been experienced.
For the majority of dyslexics, full assessments had been undertaken when the child 
was between 9 and 11 years of age. These reports indicated evidence of literacy 
difficulties in terms of poor reading accuracy and rate, as well as low scores on word 
spelling. In addition, most children were assessed on an IQ-related test battery 
(typically, the UK edition of the Wechsler Intelligence Scale for Children, WISC; 
Wechsler, 1992) with a discrepancy between IQ predicted literacy and observed 
literacy levels being discussed in the report. All of the children in the dyslexic group 
were reported to have a full-scale IQ within average limits of 85 to 115 (i.e., within 
one standard deviation of the population mean). Such IQ-based tests usually formed 
part of reports of the dyspraxic and ADHD children selected, and also showed IQs 
within the normal range (similar to the dyslexic children). Full assessments were 
relatively recent in the case of the dyspraxic children (typically at age 10 to 12), 
although most had been receiving some kind of special support for a year or more 
prior to this formal assessment, mainly due to poor curriculum achievements. All 
these dyspraxic children were being taught for part of their studies in a special unit in 
a mainstream school that typically also supported children with dyslexia. All of the 
children with attention difficulties were taught in a special unit or school for children 
with such difficulties and had attended this unit/school for more than two years prior 
to testing in the current study. The child’s age at time of the full assessment 
considered in this study varied considerably within this group (from 7 to 12 years of 
age), with the primary characteristic in the full and follow-up reports being 
observations of the child’s behaviour and attention-related deficits, as well as their 
curriculum achievement.
An opportunity sample of 50 control children was selected from schools within the 
same Southern England Local Education Authority (LEA) as the schools from which 
the learning difficulties samples were selected. All schools (mainstream and special)
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were LEA supported. Part (N=30) of the control sample came from two of the 
mainstream schools with the specialist units from which the learning difficulties 
children had been selected. The rest of the control sample (N=20) were selected from 
a mainstream school within the same area as the other schools used for sample 
selection. These school selection criteria were used to ensure similar educational 
funding backgrounds. There was no attempt to select children based on 
socioeconomic status, although all of the children tested in the current study were 
funded through their Local Education Authority, lived within the catchment area of 
the schools and were first language English speakers of English first language 
parents (determined by teacher/parent reports). Parental/guardian permission formed 
part of the criteria on which the control children were selected. Teachers were 
consulted to ensure that there was no reported evidence of learning difficulties or 
educational/behavioural concerns. All control children were meeting school 
achievement levels based on their current and previous curriculum-based tests. 
Finally, control children were selected to mirror age levels and sex ratios of the 
learning difficulties groups.
The control group selected comprised 50 children (30 male), aged 11.5 on average 
(SD=0.5), with no reported evidence of learning difficulties or concerns about their 
schooling. Children forming the second group were assessed as dyslexic in their 
educational reports, with 20 children (13 male), aged 11.6 (SD=0.5), in this group. 
The third group were selected based on educational reports that indicated motor 
deficits and/or dyspraxia as the primary area of concern. There were 13 children (9 
male), aged 11.6 (SD=0.5), in this group. The final group of children comprised 
those for whom educational reports indicated that attentional deficits were the 
primary reasons for learning problems. This group comprised 12 children (8 male), 
aged 11.5 (SD=0.5).
Measures
Measures covered literacy skills (reading and spelling), phonological ability, motor 
skills, freedom from distraction, as well as aspects of working memory functioning. 
For examples of the material used, see Smythe (2002).
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Single-word reading and spelling
The Schonell Word Reading Test (Schonell, 1950) was used to assess the single­
word reading abilities of the children. The test required the child to read aloud a 
series of unassociated words printed on a sheet of paper. There were 100 individual 
words divided into 10 sections of increasing difficulty. Raw scores of the number of 
words correctly read out of 100 were used in the subsequent analyses.
A spelling test, based on the Vernon Graded Word Spelling test (Vernon, 1989) and 
that used in Smythe & Everatt (2000), assessed the children’s ability to spell 
individual words. The procedure involved orally presenting the child with a series of 
individual words of increasing difficulty. These same words were then verbally 
presented in the context of a sentence and, lastly, individually presented again. 
Instructions emphasised that the single words were to be written, not the sentences. 
The number of correctly spelt words out of 50 was used as the score for this measure.
Phonological awareness
The Phonological Segmentation task from the Dyslexia Screening Test (Fawcett and 
Nicolson, 1996) was used to assess the child’s phonological awareness. In this task 
the participant was required to segment words; for example:
'Say rainbow without bow' (syllabic segmentation)
'Say boat without /b/' (phonemic segmentation)
'Say flag without /£T (division of phoneme then segmentation)
The score achieved was the number of correctly segmented words out of 12. Raw 
scores were used in the analyses.
Fine motor skills
This task was based on that used in the Dyslexia Screening Test (Fawcett and 
Nicolson, 1996). The procedure required the children to thread beads onto a piece of 
string as quickly as possible, with the number of beads that the child could thread in 
30 seconds being recorded. Practice trials using two beads preceded testing to ensure 
the child followed what was required.
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Speed ofprocessing and freedom from distraction
A  colour naming task and two interference tasks were used (based on Everatt et al, 
1999). In each task, the same 24 colours were presented and rapidly named by the 
child. In the basic colour naming condition, blocks of the red, blue, green and yellow 
colours were presented on an A4 sheet of paper. Each colour was repeated six times 
with a pseudo-random order that avoided continuous repetitions of the same 
response. In an incongruent word condition, the 4 same colours were presented in the 
form of incongruous colour-words, with each colour-word being presented in the 
three incongruous colours; e.g., the word "green" presented in red, blue or yellow 
ink. In an incongruent object condition, these same 4 colours were again used, but 
this time presented in the form of colour-filled line drawings of colour-associated 
objects. Line drawings taken from Snodgrass & Vanderwart (1980) were used to 
represent the sun, a leaf, a peacock and a strawberry. Each object was coloured in the 
three incongruous colours; e.g., the line drawing of the sun being coloured red, green 
or blue.
Tasks used an array of 8 rows and 3 columns, making 24 naming responses for each 
of the 3 conditions. The area covered by the colour blocks was roughly equivalent to 
the size of the word GREEN in the word condition and size of a line drawing in the 
object condition. The child’s task was to name the colours as quickly and accurately 
as possible. Children were told to ignore the words or line drawings in the two 
interference conditions and concentrate simply on the colours. Performance was 
based on the time taken to name all 24 colours. Timing was started when the 
assessor indicated that the child should start and ended when the last response was 
made. Practice items were used to ensure the child understood instructions and could 
name the colours. Uncorrected errors were noted and a one second time penalty 
(chosen to estimate the time taken to recognise an error and name an item in the 
colour task) added to the time score.
The colour block condition acted as a measure of rapid naming ability and as a 
control condition for the two interference measures. The word condition assessed the 
level of interference produced by reading a word on colour naming. The object 
condition assessed the level of interference produced by processing an object on
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colour naming. The level of interference was used as indicative of the ability to 
ignore an irrelevant stimulus in the environment and focus on a relevant stimulus. 
Verbal Working Memory
The Digit Span procedures from the Wechsler Intelligence Scale for Children 
(Wechsler, 1992) were used to assess verbal working memory. The participants 
were required to repeat strings of digits verbally presented by the assessor. Initially 
three digits were presented for two trials. If one or both were completed correctly, 
strings of four digits were presented for two trials. Strings increased by one digit 
over the assessment with testing being stopped if the child made two errors at a given 
sequence length. Children were required to retain the exact order of digits presented; 
however, in the forward version of the test, they were required to repeat the digits in 
the order of presentation, whereas in the reverse version of the test, they had to repeat 
the digits in the reverse order. The number of sequences repeated correctly was used 
as the measure for both forward and reverse versions of the task.
Visual/spatial short-term memory
This task used nine identical black squares arranged randomly on an A4 size stimulus 
card to assess the children’s ability to follow sequences of spatial movements across 
an array of visually identical items. Testers pointed to a specified sequence of 
squares and then asked the children to repeat the pointing movements in the same 
order. As in the Digit Span task outlined above, increasing sequence lengths were 
used, starting with two sequences of two pointing movements. The number of 
correct responses was used to measure the level of performance. Practice trials 
preceded both test procedures to ensure understanding.
Results
The results produced by each group on each of the tasks are presented in Table 1 
below.
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Table 1. Group mean scores on each test measure with standard deviations (SD)
Measures Control group 
n =50
Dyslexia 
group 
n =20
Dyspraxia
group
n=13
ADD 
group 
n =12
Mean SD Mean SD Mean SD Mean SD
Single-word reading 80.30 10.96 63.60 10.34 13.23 15.76 67.33 11.21
Word spelling 38.92 5.87 27.75 7.97 25.38 9.41 30.25 8.88
Phonological
awareness
9.34 2.29 7.10 2.10 8.38 2.36 8.25 2.05
Fine motor skills 12.12 2.93 12.00 2.83 9.54 3.13 12.25 2.53
Colour naming time 23.72 3.36 29.05 3.62 26.38 5.06 23.00 3.05
Colour-words time 28.00 6.60 38.05 7.44 33.38 7.59 32.33 7.32
Colour-objects time 24.30 4.17 28.80 4.09 28.08 5.77 30.75 6.20
Visuo-spatial block 
recall
8.90 2.79 9.75 2.61 6.08 2.56 8.58 2.15
Forward verbal digit 
recall
7.28 2.14 5.80 2.04 7.92 2.18 6.83 2.04
Reverse verbal digit 
recall
5.24 1.24 3.65 1.57 5.31 1.25 3.75 1.14
These data were analysed using one-way analyses of variance to assess the effect of 
group on each variable in the study. In all cases, the anova was significant. These 
anovas were followed by Dunnett’s post-hoc tests to contrast specifically the 
performance of each difficulties group against that of the controls. Results of 
analyses of variance and post-hoc Dunnett’s tests are presented in Table 2 below. To 
assess the specific effects of the executive functioning, three further two-way 
analyses of variance were performed. The first factor in these anovas contrasted a 
learning difficulty group against the controls. For the Stroop task, the second factor 
in these anovas contrasted performance in the interference condition against the 
control condition; i.e., colour word against colour block and colour object against 
colour block. A third two-way anova contrasted performance in the reverse digit span 
task against that in the forward span task. The specific effect of interest here was the
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interaction between group and conditions. These analyses are presented in Table 3 
below.
Table 2. Results of ANOVA and Dunnett’s t-tests
Measures ANOVA
(n=95)
Dyslexic vs 
controls
Dyspraxic 
vs controls
ADD group 
vs controls
F-
value sig
mean
diff sig
mean
diff sig
mean
diff sig
Single-word
reading 11.57 0.001 16.70 0.001 7.07 0.148 12.96 0.002
Word spelling
19.56 0.001 11.17 0.001 13.53 0.001 8.67 0.001
Phonological
awareness 4.97 0.003 2.24 0.001 0.96 0.421 1.09 0.336
Fine motor skills
2.98 0.036 0.12 0.998 2.58 0.015 0.13 0.999
Colour naming time
12.05 0.001 5.33 0.001 2.66 0.061 0.72 0.897
Colour-words time
10.35 0.001 10.05 0.001 5.38 0.045 4.33 0.157
Colour-objects time
9.09 0.001 4.50 0.001 3.78 0.032 6.45 0.001
Visuo-spatial block 
recall 5.359 0.002 0.85 0.528 2.82 0.003 0.32 0.974
Forward verbal 
digit recall
3.298 0.024 1.48 0.028 0.64 0.686 0.45 0.876
Reverse verbal digit 
recall 10.235 0.001 1.59 0.001 0.07 0.997 1.49 0.002
Table 3. Results of interaction between groups and central executive variables
Dyslexic vs 
controls
Dyspraxic vs 
controls
ADD group vs 
controls
Interaction effect F-value 
(df 1,68)
Sig F-value 
(df 1,61)
Sig F-value 
(df 1,60)
Sig
forward vs reverse 
digit recall 0.13 0.720 2.19 0.144 157.34 0.025
colour name vs 
colour- word 5.71 0.020 1.14 0.289 4.55 0.037
colour name vs 
colour-object 0.53 0.469 0.39 0.536 20.78 0.001
Word literacy scores indicated that all three difficulties groups produced lower scores 
on one or both measures compared to the controls; confirming the educational 
difficulties of these groups compared to normal development. The dyslexic group
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also showed evidence of weaknesses in the phonological awareness measure, 
consistent with their educational-related weaknesses being associated with poor 
awareness of sounds within words that leads to poor word decoding skills. This 
phonological awareness task is mirrored by a difference in the rapid colour naming 
conditions, indicative of weaknesses in phonological access, and by an effect on the 
digit span task. The latter effect is indicative of deficits in the functioning of the 
phonological loop or the processes that support this working memory system.
The dyspraxics also showed the characteristic feature of poor motor (hand-eye) 
coordination, which may be associated with low scores on the spelling task due to 
problems in writing. These effects were associated with lower scores on the visuo- 
spatial short-term memory task, which is indicative of deficits in the visuo-spatial 
sketchpad or the processes that support this working memory system.
The children with attention deficits showed differences from normal development on 
the interference tasks and, when contrasted against control conditions, these children 
showed a specific colour-object interference effect. Attentional or executive control 
deficits are consistent with the identified effect on reverse memory span when 
forward span is accounted for. Compared to base level memory span, the attention 
deficits children showed specific weaknesses in the functioning of the central 
executive or processes that support this working memory system.
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Figure 1. Level ofperformance of the learning difficulties groups from normal 
development on each of the working memory variables. (Aud-Verbal = forward digit span;
Vis-Spatial = visuo-spatial span; For-Rev = difference between reverse and forward digit
span)
Figure 1 above presents the results for the different working memory variables 
contrasting the performance of the three learning difficulties groups against control 
levels. The mean performance of the controls is represented at the zero point, with 
the learning difficulties children’s average performance on each variable being 
presented as the number of standard deviations away from this average level (i.e., as 
z-scores or effect size). Performance below zero is worse than normal development 
on the forward digit span task, visuo-spatial span task and the difference between 
reverse and forward digit span tasks.
Discussion
The results of this study suggest that these three learning difficulties groups can be 
differentiated by measures derived from the working memory model. Dyslexics 
showed specific deficits in phonological short-term memory, consistent with a 
general phonological deficit and weaknesses in processes related to the phonological 
loop system. The dyspraxics presented evidence of poor scores on measures of visuo- 
spatial memory and hand-eye coordination. Those children with attention deficits 
were weak on measures that related to the functioning of the executive system, 
indicating a specific deficit in the processes related to the central executive. These 
data are consistent with other findings presented in the literature that argue for a 
relationship between different learning difficulties and processes related to
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components of working memory (Hulme & Mackenzie, 1992; Jeffries & Everatt, 
2003; Roodemys, Koloski & Grainger, 2001; Swanson & Sachse-Lee, 2001; Wagner 
&Torgesen, 1987).
Theoretically, these findings support the separation of the memory system into the 
components hypothesised by the working memory model; although the differences 
between groups could be due to general language-phonological or visual/spatial- 
motor coordination processes required for task completion that are not specifically 
involved in short-term memory. For example, the visuo-spatial short-term memory 
task involved hand-eye coordination requirements that may not be implicated in 
visuo-spatial sketchpad functioning. However, the findings do provide some support 
for the functional dissociation of short-term memory. They also provide some 
support for the dissociation of abilities proposed by theories of learning difficulties. 
Dyslexics, dyspraxics and children with attention deficits showed areas of weakness 
relative to controls but also areas of normal functioning, which may be useful in 
identification and support processes. For example, the dyslexics showed relative 
strengths in visuo-spatial short-term memory which may be consistent with previous 
theories arguing for dyslexics’ skills in these areas (though contrast: Howard, 
Howard, Japikse & Eden, 2006; Von Karolyi, 2001; Von Karolyi, Wimier, Gray 8c 
Sherman, 2003; Winner, von Karolyi, Malinsky, French, Seliger, Ross & Weber, 
2001) and may provide strategies for learning (see Brooks & Weeks, 1998; Weeks, 
Brooks 8c Everatt, 2002). The findings, therefore, also present a basis on which to 
develop educational assessment measures that can be used to identify children with 
different types of learning difficulties.
An advantage of such working memory measures is the ability to produce a set of 
tasks that can be manipulated and translated across context relatively simply. 
Although not a major feature of this body of work, further research could investigate 
the appropriateness of such measures for cross-language assessment procedures (see 
Smythe, Everatt, 8c Salter, 2004, for further discussion). Although assessment tools 
do exist, these have been developed for the English-speaking child and there is a 
need to determine the appropriateness of such test measures and materials for other
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language contexts (Cline & Shamsi, 2000; Elbeheri, Everatt, Reid & Al-Mannai, 
2006; Everatt, Smythe, Ocampo & Gyarmathy, 2004).
It has been argued that the assessment of areas of difficulties and strengths of an 
individual is of central importance in the effort to support the individual with 
learning difficulties. Informed identification leads to more effective outcomes in 
remediation (see Torgesen, 2002), whereas a failure to recognize difficulties can 
often lead to the child becoming anxious or depressed and suffering serious losses in 
self-esteem, confidence and motivation (see Miles, 2004). Objective assessment 
procedures and tools are therefore essential to the educational practitioner in both 
their initial identification of those at risk and their formation of an education plan 
designed for the needs of the individual.
The findings in this study do suggest that the assessment of different aspects of the 
hypothesised working memory model may provide a way of differentiating different 
learning difficulties groups.
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Study 2: Pure dyslexia, S E N  comorbid groups c o m p a r e d  to controls, 
comparing age groups
Introduction
The previous study suggested that highly selected groups of dyslexics, and children 
with other difficulties related to educational underachievement (dyspraxia and 
ADHD), could be distinguished by measures developed to assess the functioning of 
different aspects of the working memory model. The second study reported in this 
thesis follows the same basic rationale as the first, but with groups of children with 
more diffuse difficulties. Specifically, a group of children with a previous assessment 
of dyslexia was contrasted with a group of children with more comorbid difficulties. 
The latter group was targeted in this work since these cases are more typical of those 
found in normal classrooms. A large number of children with a learning difficulty 
show evidence of problems across a range of areas of functioning, which needs to be 
recognised in the assessment procedures used to identify their difficulties. However, 
the assessment should also be able to distinguish those children with more specific 
areas of difficulty and those with more comorbid problems.
The issue of comorbidity between specific learning difficulty (SpLD) categories has 
led several programmes of research to investigate common underlying causes of 
learning difficulties such as dyslexia, dyspraxia and attentional/behavioural deficits 
(see, for example, Nicolson, Fawcett, Berry, Jenkins, Dean & Brooks, 1999; 
Richardson, 2002). Other researchers are proposing that all learning difficulties may 
be seen as deriving from a common underlying construct. In their 
neuropsychological review of evidence of high levels of comorbidity, Gilger & 
Kaplan (2002) have proposed the description ‘atypical brain development’ (ABD) as 
a more positive way of describing individuals who show evidence of more than one 
specific learning difficulty rather than assigning an individual to several SpLD 
categories. Gilger and Kaplan suggest it would be preferable to take into account 
both strengths and weaknesses of the individual giving an ‘ABD’ profile with which 
to inform strategies using cognitive abilities and interventions to support 
weaknesses. They also suggest that providing a profile description of an individual
C h a p te r  3
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may avoid the detrimental effects of ‘negative labelling’. However, a review by 
Morris (1996) raises the alternative interpretation that the tasks typically used in 
SpLD assessments may tax more than one cognitive function. For example, the digit 
span test is used in a variety of assessment procedures; however, it may be seen to 
measure attention, as well as memory, and is also affected by digit name experience. 
Comorbidity needs to be shown across several tasks taken from the same cognitive 
area to ensure that the individual shows deficits across several of these areas.
If the measures derived from the working memory model can be used to distinguish 
more specific versus comorbid conditions, then a battery of such measures could 
inform theories about the relationships between such SpLDs as well as provide a 
powerful, practical tool within schools, since many of the working memory 
procedures can be used by special needs teachers following a reasonably limited 
amount of training and can be used across different cultural and language contexts. 
Additionally, if a common link between SpLD and working memory deficits can be 
found, then the underlying difficulty within the working memory in either processing 
or storage could be targeted in remediation programmes. Indeed, interventions using 
mnemonic strategies have been found to improve working memory functions in 
individuals with learning difficulties potentially leading to improved learning skills 
and increased chances of educational success (McLoughlin et al, 1994; Hulme & 
Mackenzie, 1992). Given the associated characteristics of dyslexia, dyspraxia and 
ADHD, and proposed operations of the systems within the tripartite working 
memory model, bespoke interventions linking these operations with specific learning 
deficits should be found to be most effective. Such evidence for remediation of 
weaknesses within working memory leading to improved learning would also 
provide evidence for a model of learning difficulties that focuses on working 
memory functions as a cause of learning difficulties; potentially a range of such 
specific learning difficulties. Indeed, Pickering & Gathercole (2001) note that, at 
present, only a very few memory recall measures are included in tests such as those 
used by educational psychologists or special needs coordinators (SENCo) to assess 
children who are having difficulties at school, despite the importance of working 
memory ability in learning. However, other researchers would suggest that 
underlying cognitive difficulties have a detrimental effect on memory functioning
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and therefore these could be argued to cause the learning difficulty, not the working 
memory deficit itself (Jarrold & Bayliss, 2007; Snowling, Chiat & Hulme, 1991).
Consistent with the relationship between working memory functioning and 
educational achievement, Jarvis & Gathercole (2003) found that verbal and non­
verbal working memory tasks were associated with educational achievement of 
children aged eleven to fourteen. To examine the external validity of the measures 
used, these researchers compared task results with the children’s level 3 national 
curriculum achievement scores and found correlations between non-verbal task 
results and mathematics and science achievement levels and between verbal tasks 
results and mathematics and English. This again suggests differential associations 
between measures of working memory functioning and area of deficit.
The work of Gathercole and colleagues has also linked educational difficulties to the 
functions of working memory, particularly the central executive system. Gathercole 
& Pickering (2000a) found central executive weaknesses in seven-year-old children 
who were under-performing on national curriculum tasks. Gathercole & Pickering 
(2000b) also found an association between levels of national curriculum achievement 
in children at Key Stage one, with deficits being identified on three central executive 
measures in below average achievement children. However, in contrast to the results 
of the first study reported in this thesis, a simple connection between type of learning 
difficulty and working memory component has not always been found. For example, 
Pickering & Gathercole (2001) found that fifteen dyslexic children performed worse 
than chronological age matched children on three tests, each based on one working 
memory component, taken from their prototype Working Memory Test Battery for 
Children (WMTB-C) (Pickering & Gathercole, 2001). This suggests that although 
the working memory measures may be useful at identifying educational weakness 
amongst school children, they may not be as precise in their identification of 
different types of learning problems as when selection criteria are very specific as to 
the type of difficulty identified. It may be that comorbid problems mask the 
distinctiveness found in study 1.
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Given the use of the WMTB-C by Gathercole and colleagues, the present study also 
used measures from this test battery to further study the relationship between 
learning difficulties and working memory. The full WMTB-C was developed 
following a large body of research into the links between working memory, literacy 
and educational attainment. The prototype battery administered to six to seven year 
olds found associations between scores on phonological loop measures and 
children’s vocabulary scores, and between central executive performance and 
reading and arithmetic skills (Gathercole & Pickering, 2000a), corroborating 
Daneman & Green (1986) and Siegel & Linder (1984) respectively. This battery, 
therefore, provides standardised measures of different aspects of the working 
memory model that have been shown to be related to educational achievement and 
may provide an assessment tool to achieve the aims outlined above. The present 
study, therefore, used measures from the WMTB-C to assess whether they could 
distinguish groups of school children with specific versus comorbid difficulties who 
were taking classes in a normal mainstream school. Span scores were used 
throughout to obtain an indication of working memory capacity. This capacity is said 
to increase with age and normal development: two-year-olds having a capacity span 
allowing them to recall around two items, and five-year-olds around five with adults 
being able to recall about seven items (Rosser, 1994). Primary and secondary age 
children were tested to provide a range of ability levels and these are reported in 
section 3 of this study. In order to assess whether this relationship is specific to 
measures of working memory functioning, the combined test battery used in this 
study included traditional assessments of phonological awareness and letter-sound 
decoding skills, motor and visuo-spatial coordination, and freedom from cognitive 
interference.
The present study used a range of tasks to assess areas of functioning related to 
working memory systems and associated processes. It focussed on a group of 
dyslexics with no other assessment diagnosis and compared these to a group with a 
mixed assessment diagnosis including children with assessments of dyspraxia, 
attention and behavioural deficits. If these SpLDs have the same underlying deficit, 
then differences between the groups would be hard to find and the assessment 
diagnosis may simply be a function of the assessment procedures used. However, if
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dyslexics can be distinguished from the other SEN children, then this supports 
assessments that focus on areas of strength and weakness amongst different groups 
of children.
Method
Participants
The test battery was administered to participants drawn from two local education 
authority schools: a primary school in West Sussex and a secondary school in Kent. 
The schools were similar in terms of educating children from varied socio-economic 
backgrounds and achieving average educational results. Both schools had a 
substantial proportion of pupils with special educational needs (SEN). These schools 
were chosen as they provided the opportunity to sample a sizable number of SEN 
children and match these with children with no learning difficulties who were 
experiencing the same school environments.
In total, 103 children were included in the analyses reported in this paper. Of these, 
49 children were identified by educational assessments and the school’s learning 
support departments as requiring special educational needs (SEN) support. Amongst 
the SEN children, 22 had assessments of dyslexia, indicating specific literacy 
difficulties with no other identified deficit except in the area of phonological 
processing. Given this profile, these children were assigned to the ‘SEN dyslexia’ 
group for the purposes of analyses.
The remaining 27 SEN children all presented mixed profiles of difficulties and were 
assigned to the ‘other SEN’ group in the analyses. This group comprised children 
with evidence of dyspraxia, attentional problems, emotional/behavioural difficulties 
and general language and literacy deficits. Although this group included children 
with an assessment of dyslexia, in each case their report included evidence of another 
SpLD characteristic being present, which may have contributed to the literacy 
difficulties rather than the child primarily having a phonological difficulty. The ten 
secondary children assigned to the ‘Other SEN Group’ consisted of: one assessed 
with dyslexia and EBD, two with dyslexia and ADHD, one with dyslexia and 
dyspraxia, one with dyspraxia and Aspergers, two children with speech and language 
difficulties, one with speech and language difficulties and Aspergers, one with
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moderate learning difficulties and EBD, and one with speech and language with mild 
communication difficulties. The seventeen primary children in the ‘Other SEN 
group’ included: one child with dyslexia and speech and language difficulties, one 
with dyslexia with EBD, one with dyspraxia, EBD and social issues, one child with 
speech and language difficulties and social issues, one with dyspraxia and EBD, one 
child with ADHD and EBD, two children had special education needs as well as 
English being their second language. The remaining nine primary school children 
were described by the SENCo as having “general learning difficulties” which 
indicated that they required SEN support but had not yet had an assessment to 
generate a specific profile. Two of these nine were known to have EBD.
A third group of 54 children had no history of SEN, and school records indicated that 
they were performing at an average level of achievement for their age. These 
children were placed into a no SEN or ‘control’ group for the purposes of analyses.
Dyslexic, other SEN and control groups were matched for age and gender ratio as far 
as possible. Table 1 below gives age and gender ratio details for primary and 
secondary school age children, as well as for the whole cohort. An analysis of results 
with a more equal gender ratio where control children were 17 males and 3 females 
(87 participants) can be found in Appendix C..
Table 1. Age, gender ratio and SEN status of the groups of children tested 
____________________________ Dyslexia Other SEN______ Control
Primary Age
Male:female ratio 
Mean age in months (SD) 
Total primary number
Secondary Age 
Male:female ratio 
Mean age in months (SD) 
Total Secondary number 
All participants 
Male:female ratio 
Mean age in months (SD) 
Total all participants
10:0
103.11(17.68)
10
9:3
151.50(12.23)
12
19:3 
130.76 (28.45) 
22
15:2
115.18(16.94)
17
10:0
147.60(12.69)
10
25:2
127.19(22.07)
27
17:17
110.38(15.82)
34
18:2
157.37(10.59)
20
35:19
127.23 (26.74)
54
4 1
Selection procedures started with the SEN children, with all available children for 
whom parental consent could be obtained participating in the research. SEN children 
for whom assessment details could not be obtained, or whose assessment indicated a 
general learning difficulty, were not included in the analyses presented in this paper. 
Control children were selected based on school records of normal educational 
achievement and to ensure that they formed a group with a similar age and sex ratio 
to the SEN children. Again, all available children who met the requirements for 
selection, and for whom parental approval could be obtained, were tested. Any child 
who experienced a large amount of emotional stress prior to or during testing was not 
included in the full battery and did not form part of the present analyses.
Materials
Testing took place in a quiet room with as few distractions as possible. The WMTB- 
C tasks were presented first; the PL tasks, followed by VSSP tasks and finally CE 
tasks. The remaining tasks were then given following a similar order: phonological 
tasks, followed by visuo/motor coordination tasks and lastly interference tasks.
The assessment of working memory components was based on six tasks from the 
Working Memory Test Battery for Children (WMTB-C) (Pickering & Gathercole, 
2001). The authors describe the WMTB-C as a norm referenced psychometric test, 
designed to measure working memory abilities of children aged between five and 
fifteen years. The test also aimed to identify how abilities were spread across the 
three working memory model components: the central executive (CE), the 
phonological loop (PL) and the visuo-spatial sketchpad (VSSP). Pickering & 
Gathercole (2001) argue that these constructs were based on neuroanatomical 
research evidence indicating a large degree of independence in brain mechanisms 
underlying the three components of working memory.
Working memory ability is obtained from scores of the WMTB-C’s nine recall 
subtests that tap each of the components of the working memory (four for 
phonological loop; two for visuo-spatial sketch pad and three for central executive). 
An individual’s profile is then derived from their recall score results and compared 
against standardised scores across nine age bands. A secondary score provided by the
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tests is memory span, which indicates the amount of information that can be held in 
the working memory. Span scores can also be compared to age-matched spans.
Using the WMTB-C, a child’s working memory ability, capacity and development 
across each of the three components can be evaluated.
Tasks were chosen so that each of the three working memory components, the 
phonological loop (PL), visuo-spatial scratch pad (VSSP) and central executive (CE), 
was measured by two tasks. These tasks comprised: (i) forward digit recall (DR) and 
(ii) nonword list recall (NWLR) as measures of PL functioning; (iii) block recall 
(BR) and (iv) maze memory (MM) as measures of VSSP functioning; and (v) 
listening recall (LR) and (iv) backward digit recall (BDR) as measures of CE 
functioning. Practice and test procedures, instructions and materials for each of these 
tasks were taken from the WMTB-C manual and followed as described therein.
Each of the working memory tasks involved the child repeating a sequence of test 
items to the tester. In the forward digit span task, sequences comprised random 
digits presented verbally one after another, with the child being required to verbally 
repeat these digits in the order presented. In the nonword span task, sequences 
comprised nonwords (sequences of phonemes that formed a word sound that would 
not have an entry in the lexicon of the child) presented verbally one after another, 
with the child being required to verbally repeat these nonwords in the order 
presented. In the block span task, a set of identical blocks were placed between the 
tester and child, with the former pointing to the blocks in sequences that the child 
was required to copy. In the maze span task, the child was shown a route through a 
maze and required to copy using a pencil this same route on a blank maze. In the . 
listening span task, the child was verbally presented with sequences of sentences, 
each of which required a true/false decision to be made. After each sequence of 
sentences, the child was expected to name in the order of presentation the last word 
of each sentence in the sequence. The backward digit span task was identical to the 
forward digit span task except that the child was required to produce the digits in the 
reverse order to that presented.
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Scoring of the working memory tasks was based on the number of items of a 
particular length that could be recalled by the child. Manual instructions for 
correct/incorrect answers were followed, as were procedures for calculating span 
scores. For each task, blocks of 6 trials of a particular sequence length were used. If 
a child made two or fewer errors in a block, they moved on to the next block which 
contained sequences one longer than the previous sequences; i.e., an extra digit, 
nonword or sentence spoken, an extra block pointed to or an extra section of the 
maze to complete. The child’s span score for the task was the highest sequence 
length at which they made no more than two errors.
To represent traditional assessment measures tapping phonological awareness and 
processing ability, as well as grapheme-phoneme knowledge, three tasks were taken 
from the Phonological Assessment Battery (PhAB; Frederickson, Frith & Reason,
1997): rhyme and alliteration awareness and nonword reading. This battery of 
measures has been used to assess if an individual may have difficulties in accessing 
literacy skills associated with deficits in phonological skills, and thus may be 
described as having the SpLD description of ‘dyslexia’.
Two measures of motor and visuo-spatial coordination were taken from the Dyslexia 
Screening Test (DST) (Fawcett & Nicolson, 1996) and the Bangor Dyslexia Test 
(BDT) (Miles, 1993b). These assessed abilities and deficits often associated with 
dyspraxia. Crawford, Wilson & Dewey (2001) comment that currently there is no 
one accepted standard battery of tasks developed for an assessment of 
dyspraxia/DCD. Although dyspraxia is also known to affect learning and literacy 
through difficulties in organisational and life skills, professional assessors of 
dyspraxia (paediatricians, occupational therapists, and clinical or educational 
psychologists) typically use tasks that tap fine and gross coordination, which are the 
presenting difficulties in dyspraxia (see Henderson & Sugden, 1992). The bead 
threading task of the DST and the pointing task of the BDT tap these same abilities 
and were therefore chosen for the present study.
Two measures of the level of interference produced by a potential response other 
than that required were used to assess deficits in inhibitory mechanisms typically
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associated with attention deficits. The diagnosis of Attention Deficit (Hyperactivity) 
Disorder is currently given by an individual having a certain number of behavioural 
observations that give a positive identification of ADHD in its current forms as 
ADHD - Inattentive; ADHD - Hyperactive or ADHD - Combined (Kewley, 1999). 
Clinical or educational psychologists have also used scores on the Freedom from 
Distraction sub-scale of the Wechsler intelligence scales (Wechsler, 1992) and also 
bespoke tests of attention/inhibition (see the Test of Everyday Attention for Children,
1998). The current study used the traditional Stroop interference test (Stroop, 1935; 
see also study 1 in this thesis) to assess interference produced by a word stimulus and 
a measure based on that used in the Test of Everyday Attention for Children (1998) 
to assess interference produced by a digit name. See Appendix B for illustrations.
The alliteration, rhyme and nonword reading tasks of the Phonological Ability 
Battery (PhAB; Frederickson, Frith & Reason, 1997) followed practice and test 
procedures, instructions and materials in the test manual. The alliteration task 
comprised 10 three-word items, each of which was made up of two words with the 
same initial sound and a third with a different initial sound. The rhyme task was 
identical to the alliteration task except that the task required the identification of the 
words that rhymed. There were 21 items in the rhyme task. The nonword reading 
task required the child to read out loud 20 novel letter sequences. Correct 
pronunciations based on appropriate letter-sound conversion would lead to ten single 
syllable nonwords and ten double syllable nonwords being produced. Manual 
recommendations were followed in terms of correct/incorrect answers. For each task, 
the total number of correct answers was used as the child’s score.
The bead threading task from the Dyslexia Screening Test (DST; Fawcett & 
Nicolson, 1996) was used to assess fine motor coordination. Practice and test 
procedures, instructions and materials were taken from the test manual. This task 
simply required the child to place as many beads as they could onto a thread within 
30 seconds. The score was the number of beads correctly threaded in 30 seconds.
The pointing task from the Bangor Dyslexia Test (BDT) (Miles, 1993b) was used to 
assess left/right coordination problems and hand-eye/visual spatial difficulties.
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Participants were required to indicate different right or left parts of their own body 
(e.g. ‘show me your left ear’) and left or right parts of the body of the presenter (e.g. 
‘point to my right ear with your left hand’). Practice and test procedures, instructions 
and materials were taken from the test manual. The BDT manual gives a score of 
zero to a correct answer and a plus score to incorrect answers and hesitation or 
recourse to compensatory strategies (for example, turning round in seat, repeating 
instructions). In this present study, an incorrect answer was scored as 2, use of a 
strategy or hesitation scored 1, and a zero score was given for a correct answer. A 
higher score therefore indicated more errors/problems with the task.
Two bespoke interference tasks were used to assess inhibitory deficits. In the first 
task (based on The Test of Everyday Attention for Children, 1998), the child was 
twice presented with an A4 sheet of paper on which was written in large font an 
array of repetitions of the Arabic numerals 5 and 7. Digits were randomly ordered on 
the page, although long sequences (greater than four repetitions) of the same digit 
were avoided. On the first presentation of the sheet, the child was required to name 
every one of the digits on the page as quickly as possible. On the second 
presentation, the child was required to say ‘five’ to the number 7 and ‘seven’ to the 
number 5. For both trials, the child was told to start with the digit at the top left hand 
side of the page and move from left to right and from top to bottom, naming each 
item in sequence. Timing started on presentation of the test items and continued 
until the last item was named. A preceding timed correct digit naming task, using 
repetitions of four digits, ensured that the child was familial* with such tasks. Detailed 
instructions and questioning between the two sheets ensured that the child 
understood the requirement to use different names on the reverse name trial. An 
interference score was calculated by subtracting the time taken to complete the 
correct name sheet from the time to complete the reverse name sheet.
The second task was the Colour-Word Interference task (first developed by Stroop, 
1935). Three centimetre blocks of four colours (red, green, blue, yellow) were 
presented in a matrix on an A4 sheet for the baseline part of the task. A second A4 
sheet contained a matrix of repetitions of the colour words ‘red’, ‘green, ’blue’ and 
‘yellow’ typed in an ink colour incongruent to the word (ie, the word ‘red’ typed in
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green, yellow and blue ink). For both sheets, the child was required to name the 
colour, ignoring the word on the second sheet trial, starting from the top left hand 
side of the page and moving from left to right and from top to bottom, naming each 
item in sequence. As in the previous task, children were timed from presentation 
until the last item was named. An interference score was calculated by subtracting 
the time taken to complete the incongruous colour-word sheet from the time to 
complete the baseline sheet.
Section 1 Results: Group differences
Means, standard deviations and the results of the initial statistical analyses can be 
found in Table 2 below. Data were analysed using one way analyses of variance to 
investigate any effect of group membership on each of the measures used in the 
study. Post-hoc least significant difference (LSD) pairwise comparisons were then 
performed to contrast the performance of the three groups (see Table 3).
Table 2. Mean scores and standard deviations for each group on each of the measures 
 together with the results of analyses of variance comparing the groups_______
Measures Control n = 54
Mean SD
Dyslexian=22
Mean SD
Other SEN 
n=27
Mean SD
F value 
df=2,100
P value Sign
W M  PL and phonological ability
W M  Digit recall span (max pos 9) 4.94 0.92 4.23 0.43 4.19 0.68 11.603 <0.01
W M  Nonword list recall span (max pos 6) 2.65 0.52 2.00 0.82 2.04 0.59 13.600 <0.01
PhAB alliteration score (max pos 10) 9.63 0.88 7.64 2.44 8.04 2.28 13.746 <0.01
PhAB rhyme score (max pos 21) 18.87 1.99 11.86 6.74 14.33 5.60 22.538 <0.01
PhAB nonword reading score (max pos 20) 16.26 3.50 8.36 3.84 9.52 5.99 36.123 <0.01
W M  VSSP and coordination/motor
W M  Block recall span (max pos 9) 4.17 0.69 4.09 0.68 3.74 0.71 3.444 0.04
W M  Mazes memory span (max pos 8) 4.13 1.26 4.18 1.37 4.11 1.48 0.18 0.98
DST Bead threading score (max pos 14) 8.91 1.62 9.32 2.08 7.70 1.86 5.877 <0.01
BDT Pointing tasks errors (max pos 20) 4.74 3.78 6.00 3.49 6.19 4.79 1.491 0.23
W M  CE and inhibition
W M  Listening recall span (max pos 6) 2.15 0.63 1.91 0.68 1.70 0.61 4.593 0.01
W M  Backward digit recall span (max pos 7) 3.40 0.74 2.45 0.51 2.77 0.75 16.972 <0.01
Digit-name interference time in seconds 6.01 3.07 8.13 3.95 8.44 5.15 4.497 0.01
Colour-word interference time in seconds 20.32 17.06 26.33 17.64 18.23 9.21 1.776 0.18
Note: W M  = working memory. PL = phonological loop. VSSP = visuo-spatial sketchpad. CE = 
central executive. P values in bold indicate significance less than .05 level
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Table 3. Post-hoc pairwise comparisons between the groups for each of the
measures
Measures Other SEN vs 
Dyslexia
Other SEN vs 
Control
Dyslexic vs 
Control
W M  PL and phonological ability
W M  Digit recall span (max pos 9) 0.85 <0.01 <0.01
W M  Nonword list recall span (max pos 6) 0.83 <0.01 <0.01
PhAB alliteration score (max pos 10) 0.42 <0.01 (1) <0.01
PhAB rhyme score (max pos 21) 0.06 {1) <0.01 <0.01
PhAB nonword reading score (max pos 20) 0.36 <0.01 <0.01
W M  VSSP and coordination/motor
W M  Block recall span (max pos 9) 0.08 0.01 (1) 0.67
W M  Mazes memory span (max pos 8) 0.85 0.95 0.88
DST Bead threading score (max pos 14) <0.01 (2) <0.01 (1) 0.36
BDT Pointing tasks errors (max pos 20) 0.87 0.13 0.22 (2)
W M  CE and inhibition
W M  Listening recall span (max pos 6) 0.14 <0.01 0.14
W M  Backward digit recall span (max pos 7) 0.11 (1) <0.01 <0.01
Digit-name interference time in seconds 0.78 0.01(2) 0.03
Colour-word interference time in seconds 0.07 {1) 0.57 0.13(1)
Note: W M  = working memory. PL = phonological loop. VSSP = visuo-spatial sketchpad. CE = 
central executive. P values in bold indicate significance less than. 05 level
1. For the additional analyses separating school level, effect was significant in the primary school 
analysis but not in the secondary school analysis. 2. For the additional analyses separating school 
level, effect was significant in the secondary school analysis, but not the primary school analysis.
The analyses reported in Tables 2 and 3 above used the data collected from the whole 
cohort, rather than focusing on school level. Further analyses were conducted to 
investigate the differences reported in table 3, comparing the results of primary and 
secondary age groups and these are reported in more detail in section 3 of this 
chapter.
Overall, the results indicated differences between SEN and control children on most 
of the measures used in the study. In 10 out of 13 measures, one or both SEN groups 
performed significantly worse than the controls. However, differences between 
dyslexics and the other SEN children were more mixed. There was a trend for the 
dyslexics to show more problems with phonological-based tasks than the other SEN 
children (although post-hoc comparisons were only approaching significance in the 
case of the rhyme task). However, the two SEN groups produced roughly equivalent 
span scores on both PL tasks. These findings present some support for the view that
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dyslexics’ difficulties may focus around phonological processing deficits (e.g. 
Snowling, 2001; Stanovitch, 1988). Measures of phonological processes show the 
most consistent differences between dyslexics and the controls. However, other 
groups of children with learning difficulties that are not specific to literacy may also 
show deficits in these areas. Distinguishing SEN subtypes may require more than the 
results of literacy and phonological measures. The PL tasks were consistent with this 
general conclusion, again suggesting that they can be used to distinguish between 
dyslexics and controls, but may not be useful distinguishing dyslexics from other 
SEN children. This raises the possibility suggested by Morris (1996) that the digit 
recall task does involve some attentional processing as well as being an indication of 
short term memory ability.
There was also a trend for the other SEN children to show more deficits on the visuo- 
spatial/motor coordination tasks than the dyslexics, particularly in the bead threading 
task, but also a suggestion of a difference in the block span task. The larger number 
of children with dyspraxic-related difficulties amongst the other SEN children would 
be consistent with this finding. Interestingly, given that these measures do appear in 
dyslexia testing procedures, the dyslexic group appeared to be no worse than the 
controls on these measures.
Taking the PL and VSSP findings together, some support is provided for deficits in 
different working memory sub-systems being related to specific types of learning 
difficulties. Given the evidence of Jeffries & Everatt (2003) for the differential 
deficits presented by adult dyslexics and dyspraxics on measures of phonological and 
visuo-spatial span, these findings with children with SEN argues for further work to 
identify common and different working memory related difficulties between these 
groups. However, the relatively weak performance of the dyslexic group in the 
pointing task may require further explanation; for example, this may be related to 
poor hand-eye coordination or the requirement to follow sequences of verbal 
commands. Further work to determine the cognitive component that these measures 
are tapping is needed.
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The tasks designed to assess the functioning of the central executive and the ability 
to avoid distraction produced the most variable results. SEN groups could only be 
separated (at a level approaching significance) by their performance on the Stroop 
colour-word inhibitory task but not the other CE/inhibitory tasks. Indeed, there was 
evidence of the dyslexic group finding the backward digit span task particularly 
difficult and for the same group to show more evidence of interference when 
required to reverse the names of digits (although the difference between dyslexic and 
other SEN group did not reach traditional significance level). Although the reverse 
digit span task would tax processes in the PL, there is no obvious reason why the 
dyslexics should show such high levels of interference when required to use different 
name labels for digits. Therefore, unless these findings indicate a particular problem 
when digits are used as the stimuli, the most likely explanation is that the children 
specifically assessed as dyslexic show central executive as well as phonological 
deficits. Consistent with the data reported in this study, Everatt, Warner, Miles & 
Thomson (1997) found evidence of greater interference from alphanumeric stimuli 
amongst dyslexics compared to age-matched controls (see also study 1 reported in 
this thesis). Additionally, Smith-Spark, Fisk, Fawcett & Nicolson (2003) investigated 
CE processes of adult dyslexics using PL and VSSP task. Their results indicated the 
adult dyslexics may have a central executive difficulty as their deficits were in the 
complex active spatial task condition in which no verbal recoding was likely which 
seemed to preclude the cause being a phonological loop deficit.
These findings together would suggest some evidence of CE dysfunction amongst 
the dyslexic group, despite their selection being based on the lack of evidence of 
comorbid attentional deficits. It may be that distinguishing specific CE difficulties 
amongst SEN children would require different measures than those used here. 
Alternatively, the results found with the CE/inhibitory measures may highlight their 
complexity. Difficulties apparent in separating out attention, memory and executive 
functions (Mortis, 1996) may lead to inappropriate conclusions about the area of 
dysfunction and some CE tasks consist of both verbal and non-verbal factors that 
may obscure differences between SEN groups (Jarvis & Gathercole, 2003). This 
issue has also been examined by Swanson (1999) in which learning disabled children 
with reading difficulties had poor reading comprehension that was attributed mainly
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to domain-general executive processing deficits (not specific to reading), although 
they were also found to have deficits in PL and long term memory. A more recent 
study by Swanson & Sachse-Lee (2001) corroborated Swanson’s (1999) conclusion. 
However, as they admitted, there would need to be no correlation between measures 
of verbal or visual-spatial for the general executive processing argument to be sound. 
As the two SEN groups in this study and Jeffries & Everatt (2003) differed in visual 
spatial ability but both had some difficulty in phonological abilities, a further 
investigation of participants’ individual profiles could possibly provide some further 
explanation to the domain-general or specific question (see further work later in this 
thesis).
It is possible that poor CE and inhibition scores of the SEN children compared to 
controls may indicate a processing or storage problem involving the episodic buffer 
system of the WM (as described by Baddeley, 2001). Any difficulty could tax the 
SEN children’s CE system to a greater degree than in control children, which could 
result in inadequate PL or VSSP processing or difficulty accessing LTM information 
with which to serve recall or rehearsal. Baddeley (2001) proposed further research 
into the processing of the episodic buffer, which may provide more answers. 
Alloway, Gathercole, Willis & Adams (2004) have begun to conduct such research 
using sentence repetition tasks, one type with a simple structure, another comparison 
type with additional information (similar to that of the sentence span tasks hoped to 
tap the episodic buffer component of working memory, as proposed by Baddeley, 
2001), which may further help with distinguishing between specific areas of deficit. 
It is also possible that the two SEN groups’ difficulties with CE and interference 
tasks may indicate that their problems arise from connections between attentional 
control and CE functioning.
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In order to explore the relationships between recall measures used in this study, 
principal components analyses (PCA) followed by varimax rotation procedures were 
conducted for the working memory tasks. Prior to performing PCAs, the suitability 
of data for factor analysis was assessed. Correlation matrices showed that many of 
the coefficients were 0.3 and above and Kaiser Values were over 0,6. The numbers 
of participants involved were 103 in total, with 54 controls (no SEN) and 49 having 
SEN support. Ratios of subjects to items in these PCA are consistent with 
Tabachnick & Fidell (1996), who suggest a ratio of 1: 5 (5 cases for each item) is 
sufficient.
Table 4. Working memory measures factor loading scores for 103 participants
Section 2 Results: Relationships between measures
Factor 1 Factor 2 Factor 3
Digit recall .92
Nonword list recall .46 .67
Block recall .8 6
Maze memory .81
Listening recall .84
Backwards digit recall .74
Values in excess of .45 are in bold
Table 4 above shows that for the 103 participants the factors load clearly on the three 
WM components: PL (digit recall, nonword list recall), VSSP (block recall and maze 
memory) and CE (backwards digit recall and listening recall) although nonword 
recall is somewhat associated with both PL and CE.
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Table 5. Working memory measures factor loading scores for the 54 controls
Factor 1 Factor 2 Factor 3
Digit recall .84
Nonword list recall .82
Block recall .85
Maze memory .78
Listening recall .85
Backwards digit recall .45 .6 6
Zalues in excess of. 45 are in bold
Table 5 above shows that when only the control group are considered, the central 
executive measures still load highly onto one factor, in this case factor 3; the two PL 
measures load onto a single factor, factor 2. The two VSSP measures load onto factor 
1 with backwards digit recall also loading moderately onto this factor as well as 
factor 3. However, the factors change considerably when only the SEN group is 
considered.
Table 6. Working memory measures factor loading scores for the 49 SEN
participants
Factor 1 Factor 2 Factor 3
Digit recall .71
Nonword list recall .89
Block recall .8 6
Maze memory .75
Listening recall .6 8 .45
Backwards digit recall .8 6
7alues in bold are in excess of. 45
Table 6 suggests that the nonword recall task is more of a separate, independent 
factor for these SEN children and that the digit recall task is more associated with 
central executive tasks than the other PL task. Listening recall also seems to be
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associated with the VSSP tasks. Backwards digit recall is now solely associated with 
factor 2, digit recall and with a moderate loading, listening recall.
A diagrammatic view of the factor loadings for the control group shown in figure 1 
below, gives a picture consistent to the working memory model: the recall tasks 
scores fitting onto the three factors as would be expected. The two CE tasks loading 
highly onto factor 3 as expected also show associations with the other two factors as 
would be expected given the material to be recalled: listening recall, a complex 
verbal task also being somewhat associated with factor 2, PL; backwards digit recall, 
which requires manipulation of the material in the mental workspace associated also 
with factor 3, VSSP.
In contrast to the controls, the pattern of loading for the SEN group does not fit the 
working memory model so well (figure 2 below). Only nonword recall is solely 
associated with factor 3. As expected, backwards digit recall has associations with 
both PL and CE but for the SEN group the forward and simple condition of this task, 
digit recall, is also associated with both CE and PL. It is possible that the latter is 
linked to the difficulty that SEN groups show with digits which have arbitrary labels 
and which are therefore difficult to support through non-verbal mnemonic strategies. 
Incongruously, the verbal complex recall task, listening recall is not associated with 
PL, instead it is linked to both CE and VSSP; possibly due to the high reports of 
visualisation to aid recall in the SEN groups. The two VSSP tasks are more 
consistent to the WM model, although only block recall is solely associated with this 
factor, maze memory showing an association with PL.
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Figure 1. Diagram offactor loading scores for working memory measures for
control group.
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Figure 2. Diagram offactor loading scores for working memory measures for SEN
group
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It can be seen that when exploring the associations between measures and attempting 
to identify factors on which they load, the picture is clearer when selection is not 
confined to either of the two different groups, with especial difficulty in identifying 
associations when only the SEN group is selected. It would appear that their 
underlying cognitive difficulties might necessitate the involvement of other factors in 
order to support recall by various means open to them.
Section 3 Results: Differences between primary and secondary age groups
In this section differences found between the primary and secondary age groups was 
investigated in more detail. Demographic details of the participants in each group are 
described in table 13. The reduction in sample sizes per group should be taken into 
account when considering significance of results. Descriptive statistics and the 
results of analyses of variance can be found in tables 14 and 15.
Summary
Table 13. Age, gender ratio and SEN status of the groups of children tested
Dyslexic Other SEN Control
Primary Age
Male:female ratio 10:0 15:2 17:17
Mean age 8 years 7 months 9 years 7 months 9 years 1 month
Age range
7 yrs 4 months - 
11 yrs 10 months
7 years 7 months - 
11 years 6 months
7 years 4 months - 
11 years 9 months
Total primary number 10 17 34
Secondary Age
Male:female ratio 9:3 10:0 18:2
Mean age 12 years 7 months 12 years 3 months 13 year 1 month
Age range
11 years 4 months - 
14 years 3 months
11 years 3 months - 
14 years 3 months
11 years 10 months - 
14 years 7 months
Total Secondary number 12 10 20
All participants
Maleifemale ratio 19:3 25:2 35:19
Mean age 10 years 10 months 10 years 7 months 10 years 7 months
Age range
7 years 4 months - 
14 years 3 months
7 years 7 months - 
14 years 3 months
7 years 4 months - 
14 years 7 months
Total all participants 22 27 54
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Table 14. Means and standard deviations for each primary age group on each 
of the measures together with the results of analyses of variance comparing the
groups
M easu re s Control n = 34
Mean SD
Dyslexia 
n =10
Mean SD
Other SEN
N = 17 Mean SD
F value 
df=2,58
P value Sign
WM PL and phonological ability
W M  Digit recall span (max pos 9) 4.88 0.91 4.10 0.32 4.18 0.64 6.772 <0.01
W M  Nonword list recall span (max pos 6) 2.53 0.51 1.70 0.67 1.88 0.49 14.015 <0.01
PhAB alliteration score (max pos 10) 9.62 0.95 6.80 3.08 7.65 2.55 10.971 <0.01
PhAB rhyme score (max pos 21) 19.00 1.91 11.20 6.89 15.00 5.11 15.946 <0.01
PhAB nonword reading score (max pos 20) 15.38 3.46 6.40 3.65 8.41 6.01 24.457 <0.01
WM VSSP and coordination/motor
W M  Block recall span (max pos 9) 4.12 0.73 3.90 0.74 3.47 0.62 4.801 0.01
W M  Mazes memory span (max pos 8) 3.74 1.24 3.50 1.65 3.41 1.42 0.358 0.70
DST Bead threading score (max pos 14) 8.61 1.50 8.20 1.93 7.47 1.84 2.673 0.08
BDT Pointing tasks errors (max pos 20) 6.09 3.94 7.00 3.92 7.82 5.05 0.960 0.39
WM CE and inhibition
W M  Listening recall span (max pos 6) 2.00 0.60 1.60 0.70 1.59 0.62 3.218 0.05
W M  Backward digit recall span (max pos 7) 3.41 0.70 2.20 0.42 2.76 0.66 15.191 <0.01
Digit-name interference time in seconds 6.16 3.52 7.92 4.49 7.72 3.69 1.443 0.25
Colour-word interference time in seconds 18.60 6.58 24.86 5.88 18.34 10.89 2.401 0.10
Note: W M  - working memory. PL = phonological loop. VSSP = visuo-spatial sketchpad. CE = 
central executive. P values in bold indicate significance less than .05 level
Table 15. Means and standard deviations for each secondary age group on each of the 
measures together with the results of analyses of variance comparing the groups
Measures Control Dyslexia Other SEN F value P valuen = 20 n=12 N = 10 df=2,39 SignMean SD Mean SD Mean SD
W M  PL and phonological ability 
W M  Digit recall span (max pos 9) 5.05
W M  Nonword list recall span (max pos 6) 2.85
PhAB alliteration score (max pos 10) 9.65
PhAB rhyme score (max pos 21) 18.65
PhAB nonword reading score (max pos 20) 17.75
W M  VSSP and coordination/motor 
W M  Block recall span (max pos 9) 4.25
W M  Mazes memory span (max pos 8) 4.80
DST Bead threading score (max pos 14) 9.40
BDT Pointing tasks errors (max pos 20) 2.45
W M  CE and inhibition
W M  Listening recall span (max pos 6) 2.40
W M  Backward digit recall span (max pos 7) 3.40
Digit-name interference time in seconds 5.75
Colour-word interference time in seconds 10.72
0.94 4.33 0.49 4.20 0.79 4.969 0.01
0.49 2.25 0.87 2.30 0.67 4.044 0.03
0.75 8.33 1.56 8.70 1.64 4.639 0.02
2.16 12.42 6.87 13.20 6.48 7.230 <0.01
3.13 10.00 3.30 11.40 5.78 17.400 <0.01
0.64 4.25 0.62 4.20 0.63 0.024 0.98
1.01 4.75 0.75 5.30 0.48 1.464 0.24
1.73 10.25 1.76 8.10 1.91 3.993 0.03
2.04 5.17 3.01 3.40 2.67 4.444 0.02
0.60 2.17 0.58 1.89 0.60 2.487 0.10
0.82 2.67 0.49 2.80 0.92 4.090 0.02
2.18 8.31 3.64 9.67 7.04 3.324 0.05
7.74 23.42 18.66 18.04 5.86 4.476 0.02
Note: W M  = working memory. PL - phonological loop. VSSP - visuo-spatial sketchpad. CE — 
central executive. P values in bold indicate significance less than .05 level
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W M  V S S P  block recall span
- dyslexia other SEN control
Figure 1. Working memory visuo-spatial block recall task span comparing results
of groups across age groups.
Figure 1 above illustrates the pattern of WM VSSP block recall span scores. The 
only significant post-hoc comparison was found in the primary school children data 
and was between the other SEN group and the controls. By secondary school level, 
the scores of the three groups were very similar.
D S T  bead threading performance
dyslexia other SEN — control
Figure 2.DST bead threading task scores for primary and secondary ages by SEN
group.
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Figure 2 above shows the pattern of bead threading scores. Post-hoc analyses 
indicated that differences between the other SEN group and controls were significant 
in primary age group but this difference only approached significance at secondary 
age. There were no significant differences between the dyslexics and controls for 
either age group. The other SEN group and Dyslexia group differed significantly in 
secondary school analysis only.
control group.
Figure 3 above shows the relationship between groups at different school levels and 
the number of errors produced in the pointing task. Post hoc analyses were 
significant only for the comparison of the dyslexics against controls in secondary 
school analysis.
PhAB alliteration performance
— dyslexia — other SEN — Control
Figure 4. PhAB alliteration scores by age group and SEN group.
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Figure 4 above shows the pattern of alliteration performance scores. Post hoc 
analyses indicated that the other SEN group and the controls differed significantly in 
primary school analysis but not in the secondary school data; however, the dyslexics 
differed significantly from the controls across both ages.
PhAB rhyme performance
dyslexia other SEN - ± — control
Figure 5. PhAB rhyme task scores by age group for each SEN group.
Figure 5 above shows the pattern of rhyming task scores. Post hoc analyses indicated 
consistent differences between controls and both SEN groups for both age groups. 
The difference between the other SEN group and dyslexia was significant in the 
primary school analysis but not in the secondary school 
data.
WM CE backwards digit recall
dyslexia other S E N control
primary secondary
Figure 6. WM CE backwards digit recall span performance by age group for SEN
groups.
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Figure 6 shows the results for the reverse digit recall task. Here post hoc analyses 
indicated that controls differed from dyslexics and from Other SEN group 
significantly across both age groups, whereas the difference between the other SEN 
group and dyslexics, were significant in primary school analysis but not in the 
secondary school data.
Digit name interference
dyslexia other S E N control
<L>E
a>oca)s-©L.<D*->
C
prim ary secondary
Figure 7. Digit name interference task results shown by time difference between 
base line and incongruent task by age group and SEN group.
Figure 7 shows the amount of interference shown by the groups in the reverse digit 
naming task. Post hoc analyses indicate that differences between the dyslexics and 
controls were significant across both age groups, but that the difference between the 
other SEN group and the controls was only significant in the secondary school data. 
The Other SEN and dyslexia groups’ scores were somewhat similar across both ages.
Finally, Figure 8 below shows the amount of interference shown by the groups in the 
Stroop colour-word naming task. Post hoc analyses indicate that dyslexia group had 
highest levels of interference overall. Other SEN and dyslexia group scores showed 
similar levels across both age groups; in contrast the primary age controls showed 
similar interference levels to Other SEN group whereas at secondary age the controls 
levels of interference was much lower than the SEN groups, significantly so 
compared to the dyslexia group.
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Colour word interference
dyslexia other SEN control
Figure 8. Colour name interference task results shown by time difference between 
base line and incongruent task by age group and SEN group.
Differentiation between the two SEN groups was found for both primary and 
secondary school groups only on the block recall task; where the other SEN group 
showed the poorest level of ability. The bead threading task results did differentiate 
between groups at secondary age, with the other SEN group showing poor levels of 
hand-eye coordination. The alliteration task did not differentiate between the two 
SEN groups at either age, although the dyslexics had lowest scores showing marked 
weakness in the ability to identify words that had the same initial sound. The rhyme 
task differentiated between the two SEN groups at primary age, not at secondary. At 
primary age, the backwards digit recall task was also found to differentiate between 
the groups, with the dyslexics showing a weakness in a task which required keeping 
the material presented in mental workspace where it was manipulated before recall in 
required order. The dyslexia group were also poorest in scores at secondary age for 
the digit-name interference task, and were identifiable from the Other SEN group on 
the Stroop colour-word task in the primary age groups, indicating low levels of 
ability to inhibit incongruous material therefore identification was dependent on type 
of task and age of child.
Overall, those tasks successfully showing differences between SEN groups in this 
study therefore were two working memory tasks tapping VSSP and CE components, 
the two bespoke attention/inhibition tasks and the PhAB rhyme task. The other SEN
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group were weak in areas related to the WM VSSP and motor coordination. The 
dyslexics were relatively weak in phonological and attention/inhibition tasks, as well 
as a digit recall task tapping the central executive component of WM. Such 
difficulties with digit recall were also found in Helland & Asbjornsen (2004) study in 
which a dyslexia group required back up strategies to support forward and reverse 
digit recall, whereas controls did not.
Although the evidence from this study is tentative, some differences in ability across 
the test battery measures were found between the two SEN groups, which would 
argue against the assignment of one underlying difficulty for all SEN children. The 
variability of the two SEN group scores and the large standard deviations found 
within several of the WM component task results, and within the two non- 
phonological traditional assessment tasks, could indicate that it may not be useful to 
combine individuals to the same group; rather ascribing individual profiles in the 
way suggested by Gilger and Kaplan (2002); although further work is necessary to 
support this argument. Furthermore, as the dyslexia group could be distinguished 
from the other SEN group by abilities in some test measures and poor ability on 
others, this would support an argument for focussing on both strengths and 
weaknesses in assessment and remediation. This argument is followed up in the next 
chapter, which reports a study investigating the potential for improving recall 
following mnemonic training and which looks for evidence that these improvements 
relate to strengths and weaknesses in individual profiles.
Overall, the results of this study provide further evidence of a potential link between 
working memory sub-systems and the cognitive function profiles characteristic of 
dyslexia and other types of SEN. However, these links need to be researched further 
if appropriate assessment and intervention procedures can be developed. Further 
investigations are also needed to ascertain which underlying processes are tapped by 
assessment tasks and for the continued assessment of areas of strength and difficulty 
that will inform educational practice.
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Study 3: W o r k i n g  M e m o r y  a n d  Attentional, Behavioural a nd  
Emotional Difficulties.
Introduction
In study 1 of this thesis, results indicated that different SpLDs could be distinguished 
by their performance on measures associated with the different components of the 
working memory model. Study 2, however, was less consistent in its findings. One 
possible explanation for these differences is variations in the background populations 
from which the groups tested were obtained. Whereas participants in study 1 were 
carefully selected to avoid additional problems (or comorbid conditions) related to 
SpLDs and sampled from special schools or units dedicated to the condition targeted, 
those in study 2 came from a more typical mainstream education background and 
were chosen following less stringent selection procedures to better represent normal 
educational practice. Hence, study 2 participants may show additional problems to 
those targeted that may affect performance on the working memory measures. The 
work reported in this chapter assesses this possibility. Given that the central 
executive measures were those that appeared most variable in study 2 , factors 
potentially affecting this area of functioning were the focus of the work reported in 
this section of the thesis. Specifically, factors related to different aspects of 
attentional problems, as well as emotional and behavioural difficulties were 
investigated.
Previous research suggests that individuals with attentional, emotional and/or 
behavioural problems have difficulties in learning. The negative association between 
educational achievement and behavioural difficulties related to hyperactivity, 
impulsivity, emotionality and conduct disorder has been well documented in SpLD 
literature (Adams, Snowling, Nehhessy & Kind, 1999; Barkley, 2006; Broder, 
Dunivant, Smith & Sutton, 1981; Fergusson & Lynsky, 1997; McGee, Share,
Moffitt, Williams & Silva, 1988; Richardson, 2002; Rutherford, Quinn & Mathur, 
2004). Aspects of untidy writing and work and physical coordination problems 
evidenced by clumsiness are often thought of as being part of a dyspraxic profile but 
are also prevalent amongst cases of ADHD (Barkley, 2006). A range of such
C h a p te r  4:
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problems are also found in dyslexia, as is the stress caused by having a learning 
difficulty which may lead to further negative behaviours that impact upon 
educational experience throughout the life span (Miles, 2004).
In addition, processes of cognitive control and inhibitory mechanisms are often 
discussed as important factors in task performance, and tasks requiring the ability to 
control and inhibit responses have been found to differentiate those with poor levels 
of educational achievement, as well as being found to be involved in skills related to 
the acquisition of literacy (Everatt, 1999; Gernsbacher & Faust, 1991; Lovoie & 
Charlebois, 1994; Lufi, Cohen & Parishplass, 1990; Sinclair, Guthrie & Forness, 
1984; Whyte, 1994). Consistent with this, a recent study of primary age children by 
St Clair-Thompson & Gathercole (2006) found a relationship between inhibition and 
English, Maths and Science achievement.
Finally, the potential relationships between negative affect and learning difficulties 
have been discussed in the literature for many years (Edwards, 1994; Huntington & 
Bender, 1993; Rutherford, Quinn & Mathur, 2004). However, whether these factors 
interact with working memory processes has received less attention. Despite this, 
Miyake & Shah (1999) suggest that including factors related to emotion into the WM 
model may lead to ‘better understanding the mechanisms of executive control’ as 
working memory may serve as an ‘interface between emotion and cognition’
(Miyake & Shah, 1999, p. 471). Although far from conclusive, a relationship 
between emotionality, working memory and executive control would seem to be 
explained in some measure from neurological work (Damasio, 1994; Kosslyn & 
Koenig, 1995; LeDoux, 1996; Rolls, 1996). Additionally, emotional problems are 
featured in Connors’ difficulties rating scale (Connors, 1987) and are indicative of 
difficulties in self-regulation and control as described in Barkley (2006). Indeed, 
Connors (1987) describes the affects the difficulties listed above have on children in 
their educational setting:
Cognitive problems/inattention: “tend to lean more slowly than most individuals 
their age, have problems organising their work, have difficulty completing tasks or 
schoolwork and appear to have trouble concentrating on tasks that require sustained 
mental effort. A number of items on this subscale relate to inattentiveness”.
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Hyperactivity: “high scorers have difficulty sitting still or remaining at the same 
task for very long, feel more restless and impulsive than most individuals their age 
and have to need to be always on the go.”
Emotional problems: “likely to have low self-esteem and little self- confidence, feel 
lonely and isolated, generally have more worries and sulk” (Connors, 1987, p. 49).
Given these potential interrelationships, this chapter investigates variations in 
attentional control, emotional problems and behavioural difficulties and the effects of 
these variations on the WM scores of primary and secondary school groups of 
normally developing children and those with a background of special educational 
needs. The first section of this chapter focuses on comparisons of different working 
memory tasks across groups of children with and without ADHD. This aims to assess 
the impact of attentional and behavioural problems related to ADHD on WM task 
performance. Based on these findings, and their contrast with those of studies 1 and 
2 , the second section of the chapter investigated relationships between working 
memory scores and attentional, behavioural and emotional factors in groups of child 
with and without special educational needs.
Study 3: Section 1: ADHD vs control groups
Study 1 indicated that, when compared to controls, individuals with ADD who 
showed higher levels of Stroop interference also had difficulties in tasks that were 
considered to involve the working memory central executive. These difficulties 
seemed to be specific when compared to results on measures of the phonological 
loop and phonological abilities, difficulties in which were more associated with 
dyslexia, and measures of the visuo-spatial sketch pad and coordination tasks, where 
weaknesses were more consistent with dyspraxia problems. The Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV) (American Psychiatric Press,
1994) list three main types of ADHD: a predominantly hyperactive-impulsive, a 
predominantly inattentive and a combined type, which shows deficits in common 
with both of the other subtypes. A predominantly ADD group typically, would not 
show difficulties with hyperactive or impulsive behaviours as are found in a more 
general sample of ADHD children. Academic and educational levels of achievement 
may be affected in both ADD and ADHD, probably due to common problems in
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cognition/inattention which related to forgetting instructions or losing things, poor 
organisation and difficulties in bringing tasks to completion, although emotional 
difficulties are frequently found across the ADHD spectrum and may impact 
negatively on achievement. However, comorbidity with other difficulties are a 
problem for identifying the main characteristics associated with ADD and ADHD. 
Rates of comorbidity in cases with ADHD include conduct disorder at somewhere 
between 25-50%, anxiety disorder at about 25%, and mood disorder at about 20%. 
There is also evidence that some 20% of ADHD cases have developmental 
difficulties which include specific learning disorders and motor-coordination 
problems (see Jensen, Martin & Cantwell, 1997; Pliszka, Carlson & Swanson, 1999). 
Given the potential for ADHD to be comorbid with a large number of other learning- 
related difficulties, this may be one factor that would explain the evidence for central 
executive type problems amongst a large number of child with learning difficulties 
(e.g., Gathercole & Pickering, 2000a, 2000b). The present study, therefore, focused 
on a more general sample of children with ADHD to determine if measures of 
working memory functioning could support the identification of such children, 
particularly those with concurrent educational difficulties.
The relationship between working memory functioning, attention, behavioural 
problems and educational achievement still requires investigation. The potential 
impact of attentional processing difficulties on the different components of working 
memory, in particular the central executive, has been documented in the research 
literature (see above). In addition, associations have been found between poor 
educational achievement and low scores on working memory central executive tasks. 
For example, deficits in working memory central executive performance have been 
found in seven year old children with low national curriculum assessment results 
(Gathercole & Pickering, 2000b). A study of primary age children (Adams, 
Snowling, Hennessy & Kind, 1999) found the strongest association with poor 
academic achievements to be with those children showing evidence of hyperactivity, 
with the potential negative impact being greater than for children with conduct 
problems. Adams & Snowling (2001) also found that children with hyperactivity 
problems were significantly different compared to control children in tasks of 
executive function. However, the results of Pickering & Gathercole’s (2004) study
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comparing working memory profiles of children with more general learning 
disabilities, or specific language, literacy or behavioural difficulties found that the 
latter two groups’ scores were all within the normal range. Only the specific 
language difficulties group, whose problems centred on the phonological loop, and 
those with more general learning disabilities, who showed problems in all areas of 
working memory, presented evidence of relationships between working memory and 
educational learning difficulties. The classification into groups was initiated from 
school assessments of difficulty which may have accounted for the behavioural 
group not showing difficulties in central executive. However, the authors considered 
the behavioural difficulties group results were ‘consistent with the classification of 
their special needs as being non-cognitive in origin’ (Pickering & Gathercole, 2004, 
p. 403). Therefore, it remains to be determined whether the working memory 
problems are related to behavioural, attentional or general learning difficulties, and 
how these different areas of disability interact with educational outcome.
This third study reported in the present thesis examines the possibility that there may 
be connections between difficulties with ADHD and poor results in complex recall 
tasks, given that the latter are more likely to impact on central executive functioning. 
Mode of presentation and the type of materials to be recalled were also varied in the 
study to assess whether any identified effects were due to general executive 
processes rather than specific methodological procedures. The factor that should lead 
to specific weaknesses was predicted to be complexity of memory task, rather than a 
particular presentation/material variation.
Method
Sample
Participants were selected from primary and secondary schools in the South-East of 
England. These schools were selected as they included children who had been 
diagnosed with ADHD or ADD. Once parental consent had been obtained, 
participants were assigned to control or attentional difficulty group based on previous 
assessments of ADHD and the results of the teacher version of Goodman’s Strength 
and Difficulties Questionnaire (SDQ) (Goodman, 1997), which was used to confirm 
difficulties within participants of this study and to establish a control sample. This
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questionnaire consists of 25 items making up 5 scales with 5 items in each. Items in 
the SDQ are also cited in the DSM-IV, with the five SDQ constructs scales relating 
to difficulties in hyperactivity, conduct disorder, emotional difficulties and peer 
problems, plus a positive scale (prosocial scale), which is a measure of abilities in 
social situations.
In total, 38 children took part in the study. The sample consisted of 26 boys and 12 
girls, with 17 children having a history of attentional/hyperactivity disorders and 21 
having no such history of difficulties who were included as controls. These groups 
also differed on the hyperactivity scale of the SDQ (see Table 1). The ratio of males 
to females was high in the difficulties groups, consistent with previous evidence 
indicating a male to female ratio in ADHD of a minimum of 4 to 1, although this is 
not always found in all types of the condition (see Gaub & Carlson, 1997). Table 1 
provides background details of the children tested.
Table 1. Participants’ demographic details
Difficulty
group
Control
group Total
Primary male 6 8 14
female 1 7 8
Total primary 7 15 2 2
Secondary male 8 4 12
female 2 2 4
Total secondary 1 0 6 16
Total participants 17 2 1 38
Mean age in months 
(SD in brackets) 137 (39) 130 (37)
Mean SDQ 
hyperactivity score 8.12(1.45) 2.29 (2.24)
Measures
Participants were presented with sequential recall tasks that involved forward and 
backwards recall of audio, visual or spatial information and required verbal or motor 
responses. The forward recall measures were used to assess short-term memory and 
measures requiring participants to recall items in reverse were used to require 
complex mental manipulation, typically seen as a working memory central executive 
function. In total six tasks were used, which together took approximately ten to
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fifteen minutes to complete, depending on the age of the child. Testing was 
conducted in a quiet room with no distractions, with participant sitting adjacent to the 
presenter at a table.
Tasks were presented in a pseudo-random order, with the forward version of each 
task preceding the reverse version of the same task. Each participant was given the 
same set of instructions, which were repeated until understood, and was given 
practice trials on each task. Following practice, two trials were given at each 
sequence length until a participant gave wrong answers for both sequences, at which 
time the task was discontinued. The last trial at which the participant scored at least 
one correct was taken as their span score for that task. Sequences of items started 
with two stimuli and, after a correct answer at a particular sequence length, increased 
by one until the maximum sequence length of eight items was finished. A response 
was treated as correct only if the child repeated the items in the correct order.
Procedures for the forward and reverse conditions were identical except that in the 
latter participants were required to repeat the digits in the reverse order to that which 
they were presented. Forward and reverse versions of each of the following were 
used.
Auditory/verbal sequence task
Participants were verbally presented with the sequences of digits and were required 
to verbally repeat them in the same order. The digits were read at the rate of one per 
second. (This task was consistent with those used in Study 1 and is typical of the 
procedures in a normal digit span test.)
Visual digit span task
This task used a set of white cards, 64mm x 86mm cards with a number printed on 
each in 72 font Times New Roman. A blank white card was used to indicate the end 
of a sequence of digits forming a sequence. A set of cards was dealt out one by one 
directly in front of the participant at a rate of one per second until a blank card 
signalled the end of a sequence when the participants were required to verbally 
repeat back the digits in the order presented.
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Spatial/motor sequencing task
A 30 x 30 cm yellow card was used on which was positioned a random arrangement 
of eight standard black draughts. The card was placed in front of the participant, and 
the draughts representing the sequence were tapped by the experimenter at a rate of 
one per second. When the presenter stopped tapping, the participant was required to 
tap out the sequence in the same order. The number of pointing movements 
increased by one every two sequences, consistent with the increases in the digit 
sequence tasks.
Results
Table 2. Comparison of difficulty and control group span scores
Measures and task 
condition
Difficulty 
n =17
Control group 
n =21
Control 
vs difficulty group 
span score
Mean SD Mean SD df= 1,36
Verbal digit recall 
tasks
Forward 5.71 1.31 5.38 1.28 -0.33 (F= .590, p= 45)
Reverse 3.53 1.23 3.81 1.08 +0.28 (F= 559, p= 46)
Forward-reverse 2.18 1.13 1.57 1.21 -0.61 (F=2.496, p= 12)
Visual digit recall 
tasks
Forward 4.29 1.53 4.33 1.35 +0.04 (F=.007, p= 93)
Reverse 3.41 1.18 3.59 1.16 +0.16 (F= 175, p=.68)
F orward-re verse 0.88 1.41 0.76 1.30 -0.12 (F=.075, p=.79)
Spatial circles 
recall tasks
Forward 4.47 1.33 4.90 1.04 +0.43 (F=1.274, p=27)
Reverse 3.94 1.34 4.52 1.21 +0.58 (F=L973, p=.17)
Forward-reverse 0.53 1.66 0.38 1.47 -0.15 (F=.085, p=.77)
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difficulty group - ♦ control group
forward verbal reverse verbal forward visual reverse visual forward spatial reverse spatial 
digits digits digits digits circles recall circles recall
recall measure and condition
Figure I. Span scores across measures and groups
Table 2 and figure 1 above presents the results of the groups of participants on the 
different working memory tasks. No significant differences were found when 
comparing the group scores using one-way analyses of variance (ANOVA). Figure 1 
though gives an indication of the potential differences in span scores across 
measures. In the verbal digit measures both groups show a large difference between 
forward and reverse scores although the attentional difficulty group showed a larger 
difference consistent with a greater effect of requirements to use central executive 
functioning within this group (see also Study 1 of this thesis). The controls and 
difficulty groups’ visual digit span scores were similar in contrast to the control 
group’s higher spatial recall scores. Given these potential effects, the data were 
investigated further by considering different age cohorts.
Table 3 and figure 2 below show the results of the different groups on each of the 
working memory measures with groups separated by age
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Analyses for the secondary school cohort were non-significant, although those with 
difficulties showed slightly lower scores than the controls, particularly on the reverse 
recall tasks. However, analyses for the primary age group did show effects 
approaching significance in each type of task, where control groups’ scores were 
considerably higher than the difficulty group. These differences were seen in reverse 
verbal digits condition; both forward and reverse visual digit conditions and forward 
condition of spatial circles (see Table 3). None of the other comparisons between 
control and difficulty groups were significant; although, consistent with the 
secondary school data, poorer scores amongst the primary difficulties children were 
found, particularly in the reverse conditions of the tasks.
This potential difficulty in the more complex task conditions reflects the findings in 
Study 1 where the ADD group showed a larger difference between forward and 
reverse span tasks than dyslexic, dyspraxic and control groups. In the present results, 
the difficulty group had lower scores than the controls in each of the reverse 
conditions. This finding is consistent with those reported by Adams & Snowling
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(2001) where a group of hyperactive children made more errors and took longer than 
controls on tasks requiring the reversed counting of digits. Adams and Snowling 
argued that this indicated that children with hyperactive behaviours found it difficult 
to inhibit the very familiar task of counting forward when required to reverse the 
process, suggesting a relationship between inhibition, hyperactivity and complex 
working memory task performance that the current data also support, particularly in 
the primary school data. The slightly larger differences between ADHD and control 
groups on the visual tasks may also be consistent with the view that visual material 
recall requires attentional processing in both forward and reverse conditions, whereas 
verbal material requires executive processing only in high loading (long strings) or 
manipulation (reverse) conditions (Cowen & Morey, 2005; see also Miyake et al, 
2001). Also, the specific effect on the tasks potentially requiring translation between 
visual and verbal domains, (i.e., a visual digit accessing its verbal label for recall) 
suggests that such cross-modal processes may be a particular area of deficit for 
ADHD children.
Overall, the findings were generally consistent with the prediction of the central 
executive function relationship with attentional deficits; however, they were less 
conclusive than the data reported in Study 1 given that the majority of predicted 
effects (i.e., in the reverse conditions) were non-significant, although in the predicted 
direction. Obviously, further research using larger samples or a broader range of 
measures (such as including a Brown-Peterson procedure to further assess issues 
relating to inhibition and executive processing other than in working memory recall) 
may lead to more significant findings; however, these data may be consistent with a 
slight modification of the predicted relationship between central executive 
functioning and ADHD. One plausible interpretation of the data is that central 
executive deficits are characteristic of only a sub-type of ADHD, rather than all 
individuals diagnosed with the condition. Although the group studied in Study 3 
were not as heterogeneous in terms of diagnostic label as those tested in Study 2, 
they still presented mixed features of attention and behavioural problems. It may be 
that when the ADHD child’s problems focus more on the inattention side of the 
condition, then central executive weaknesses will be identified. However, when 
ADHD symptoms focus more on the behavioural/hyperactivity symptoms, then poor
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central executive functioning is less likely. This interpretation may be more 
consistent with Pickering & Gathercole’s (2004) view that specific hyperactivity 
problems are non-cognitive in nature, as well as with the inhibition data that argues 
for the predominantly hyperactive ADHD sub-type to be treated as a separate group 
to those with primarily inattention or combined problems due to hyperacti vity 
manifesting itself in predominantly motor and physical ways (Milich, Balentine & 
Lynam, 2001; see also Barkley, 2001; Hinshaw, 2001). In addition, the lack of 
significant effects amongst the secondary school children in the Study 3 data may be 
due to the increased likelihood of behavioural problems being the key to recognition 
in secondary school rather than inattention problems which may be missed in 
secondary classes but noticed in primary years. Evidence for both of these 
possibilities was sought in the following analyses.
Section 2: Analysis of scores from the cognitive behavioural difficulties checklist 
(CBDC)
The hypothesis that central executive weaknesses are associated with the attentional 
deficits incorporated into the ADHD model, whereas hyperactivity, or more 
behavioural rather than cognitive, problems are less likely to be related to poor 
working memory functioning was considered in this analysis by correlating reported 
inattention and hyperactivity problems with working memory scores in a group of 
children with or without educational learning difficulties. If the hypothesis is correct, 
a relationship between central executive scores and inattention should be found 
independent of the functioning of other working memory sub-systems. In addition, 
any relationship between hyperactivity and central executive functioning should be 
due to covariance with inattention (for example, the combined ADHD sub-type is 
likely to inflate hyperactivity-inattention-central executive interrelationships). 
However, once the variance in central executive functioning explained by inattention 
has been controlled statistically, then any relationship between hyperactivity and the 
central executive should disappear. To test these predictions, data from Study 2 were 
re-analysed including scores taken from teacher-completed questionnaires that 
focused on the inattention and hyperactivity problems experienced by children with 
educational learning difficulties. Although such teacher-completed checklists have 
been criticised in the past, they still provide one of the most efficient ways of
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determining a history of difficulties amongst children (see Barkley, 2006; Connors, 
1987).
Method
Participants in this analysis were those included in Study 2. The children at the time 
of testing were aged 7 to 14 years old and were attending state primary and 
secondary schools. Full demographic details are reported in Study 2 of this thesis.
In addition to the measures outlined in Study 2, a teacher-reporting checklist (see 
Table 4) was designed in order to facilitate an examination of participants’ symptoms 
of cognitive and behavioural difficulties. A selection of such indicators relating to 
examples of cognitive and behavioural difficulties covering inattention, 
cognitive/inattention, hyperactivity, impulsiveness, emotional liability and poor 
coordination were chosen from DSM-IV, Connors (1987) and checklists used by 
special needs coordinators to identify ADHD, ADD, EBD and dyspraxia. Scores on 
the cognitive behavioural difficulties checklist (CBDC) were calculated by giving 
scores of 0, 1 or 2 depending whether the teacher had observed the child exhibiting 
the difficulties listed on the checklist ‘never, sometimes or constantly’. Total 
component scores were calculated for each scale represented by the items: inattention 
(4), cognitive/inattention (5), hyperactivity (6), impulsivity (4), emotional problems 
(4) and poor coordination (2).
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Table 4. Cognitive/behavioural difficulty checklist items and underlying
cognitive problem
Description of behaviour Potential underlying problem
Doesn’t pay attention Inattentive
Can be easily distracted Inattentive
Can’t concentrate for long Inattentive
Day dreams and doesn’t listen Inattentive
Doesn’t follow up instructions Cognitive/inattentive
Difficulty in organising self/work Cognitive/inattentive
Keeps away from tasks that need continued focus Cognitive/inattentive
Loses things constantly Cognitive/inattentive
Forgetful Cognitive/inattentive
Fidgets Hyperactivity
Leaves seat Hyperactivity
Runs about Hyperactivity
Noisy Hyperactivity
On the go Hyperactivity
Talks excessively Hyperactivity
Blurts out answers Impulsivity
Difficulty waiting for turn Impulsivity
Interrupts or intrudes on others Impulsivity
Physical impulsivity Impulsivity
Has mood swings and emotional outbursts Emotional lability
Emotional impulsivity Emotional lability
Poor social skills Emotional lability
Often bursts into tears Emotional lability
Untidy writing and work Poor coordination
Falls, trips, bumps into things people Poor coordination
Note - Checklist question: “How often was this behaviour problem exhibited? ” 
Checklist answers: “Never, sometimes or constantly ”
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Figure 3 and Table 5 presents the results of the three groups compared in Study 2 on 
each of the checklist scales. Analyses of these data (see Table 5) indicate significant 
effects of group membership on all scales. Least Significant Difference (LSD) post 
hoc comparisons were then performed (see Table 6) to investigate differences 
between pairs of groups. These indicated that the SEN other group showed 
significantly more reported difficulties on each of the scales compared to the 
controls. However, the dyslexic group’s scores were not significantly different from 
those of the controls on hyperactivity and impulsivity scales, and they were 
significantly better than the SEN other group’s scores on the hyperactivity scale.
Results
control — dysl exi a —Q — S E N  other
cognitive hyperactive impulsive emotional poor
inattentive behaviour behaviour behaviour coordination
behaviour total total total total
total
cognitive/behavioural difficulty type
70 
60 
50 
40 
30 
20 
10 
0
inattentive
behaviour
total
Figure 3. Mean group scores from teacher-reported behaviour checklist for all age
groups.
79
Table 5. Comparison of group mean scores from teacher-reported behaviour checklist 
of 99 participants with results of analysis of variance between groups mean scores 
_________________________  across all ages._______ ______________________
Type of 
cognitive/behaviour 
difficulty (total score)
control 
n = 52
dyslexia 
n = 20
SEN other 
n = 27
F
value
df
=2,96
P
value
sign.
mean SD mean SD mean SD
inattentive behaviour (poss 
8) 2.02 1.80 4.40 2.11 4.59 2.50 17.889 0.000
cognitive inattentive 
behaviour (poss 10) 1.25 1.74 3.65 2.85 4.26 3.03 16.742 0.000
hyperactive behaviour (poss 
12 1.33 2.08 2.45 2.84 4.22 4.24 8.519 0.000
impulsive behaviour (poss 
8) 0.63 1.28 1.80 2.40 2.56 2.74 8.626 0.000
emotional behaviour ( poss 
8) 0.52 0.96 1.65 1.69 1.96 2.24 8.986 0.000
poor coordination (poss 4)
0.33 0.65 0.95 0.69 1.33 1.24 13.122 0.000
Table 6. Least Significant Difference post hoc comparisons of group mean scores
Type of cognitive/behaviour 
difficulty (total score)
Dyslexia vs 
SEN other 
P value
SEN other 
vs control 
P value
Dyslexia vs 
control 
P value
inattentive behaviour (poss 8) 0.753 0.000 0.000
cognitive inattentive behaviour 
(poss 10) 0.389 0.000 0.000
hyperactive behaviour (poss 12) 0.045 0.000 0.153
impulsive behaviour (poss 8) 0.206 0.000 0.030
emotional behaviour ( poss 8) 0.497 0.000 0.007
poor coordination (poss 4) 0.132 0.000 0.007
The differential effects found when considering children in primary versus secondary 
schooling lead to the current data to be split across this dimension. Figure 4 below 
shows the differing pattern of scores between these cohorts, and scores and results of 
analyses can be found in Tables 7 to 10. Overall, the analyses indicated group effects 
for all scales amongst the primary school cohort, with the SEN other group showing 
more difficulties than the controls on all measures. Although the dyslexic and SEN 
other groups did not differ significantly on any of the scales, the dyslexics also did 
not differ significantly from the controls on the hyperactivity and poor coordination 
scales. The same analyses for the secondary cohort suggested more variability in the 
scores, with the impulsivity, emotional and poor coordination scales reaching
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significant levels in the initial analyses, and the hyperactivity and inattention scales 
only approaching significance. This variability can also be seen in the post-hoc 
comparisons reported in Table 10. The SEN other group differed from the controls 
011 most measures, although this difference was non-significant for the inattention 
scale. However, the dyslexic group differed from controls only on the poor 
coordination scale and differed from the SEN other group on the hyperactivity, 
impulsivity and emotionality scales.
Table 7. Comparison of group mean scores from teacher-reported behaviour 
checklist and results of analysis of variance between groups mean scores for the
primary cohort
Type of 
cognitive/behaviour 
difficulty (total score)
control
n = 34
dyslexia 
n = 9
SEN other 
n = 17 F value 
(df=2,57)
P
value
sign.
mean SD mean SD mean SD
inattentive (poss 8)
1.79 1.70 4.89 2.15 4.94 2.63 16.892 0.000
cognitive inattentive 
(poss 10) 0.88 1.30 3.89 2.84 4.76 3.13 19.850 0.000
hyperactive (poss 12)
0.94 1.59 3.44 3.58 4.76 4.41 10.160 0.000
impulsive (poss 8)
0.53 1.05 2.89 2.98 2.94 2.97 9.691 0.000
emotional (poss 8)
0.44 0.89 2.67 1.80 2.06 2.61 9.082 0.000
poor coordination 
(poss 4) 0.29 0.68 1.00 0.71 1.71 1.40 12.964 0.000
Table 8. Post hoc comparisons of group mean scores for the primary cohort
Type of cognitive/behaviour 
difficulty (total score)
Dyslexia vs 
SEN other 
P value
SEN other vs 
control 
P value
Dyslexia vs 
Control 
P value
inattentive (poss 8) 0.951 0.000 0.000
cognitive inattentive (poss 10) 0.340 0.000 0.001
hyperactive (poss 12) 0.283 0.000 0.028
impulsive (poss 8) 0.952 0.001 0.004
emotional (poss 8) 0.384 0.002 0.001
Poor coordination (poss 4) 0.074 0.000 0.050
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Table 9. Comparison of group mean scores from teacher-reported behaviour 
checklist and results of analysis of variance between groups mean scores for the
secondaiy cohort
Type of 
cognitive/behaviour 
difficulty (total score)
control
ii = 18
dyslexia 
n = 11
SEN other 
n = 10 F value 
df=2,36
P
value
sign.
mean SD mean SD mean SD
inattentive (poss 8)
2.44 1.95 4.00 2.10 4.00 2.26 2.733 0.078
cognitive inattentive 
(poss 10) 1.94 2.24 3.45 2.98 3.40 2.80 1.576 0.221
hyperactive (poss 12)
2.06 2.69 1.64 1.86 3.30 3.97 0.952 0.395
impulsive (poss 8)
0.83 1.65 0.91 1.38 1.90 2.28 1.290 0.288
emotional (poss 8)
0.67 1.09 0.82 1.08 1.80 1.55 2.963 0.064
poor coordination 
(poss 4) 0.39 0.61 0.91 0.70 0.70 0.48 2.633 0.086
Table 10. Post hoc comparisons of group mean scores for the secondary cohort
Type of cognitive/behaviour 
difficulty (total score)
Dyslexia vs 
SEN other 
P value
SEN other vs 
control
P value
Dyslexia vs 
Control 
P value
inattentive (poss 8)
1.000 0.065 0.057
cognitive inattentive (poss 10) 0.962 0.165 0.138
hyperactive (poss 12) 0.195 0.281 0.706
impulsive (poss 8) 0.207 0.134 0.911
emotional (poss 8) 0.073 0.024 0.747
poor coordination (poss 4) 0.436 0.202 0.032
These data may help explain some of the effects reported in Study 2. In the Study 2 
analyses, the working memory central executive measures were found to be less 
likely to be significant with the secondary school data, consistent with the relatively 
lower (and less significant) inattention scores shown in the present analyses. In 
addition, the dyslexics seemed to show evidence of poor central executive 
functioning, which may be explained by the current data indicating that they were as 
likely as the SEN other group to show inattention problems. This latter finding may
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be indicative of undiagnosed comorbid problems amongst the dyslexic children, or to 
children with different underlying deficits (i.e., those with specific phonological 
weaknesses in Study 1 and those with inattention and phonological problems in 
Study 2) being diagnosed as dyslexic. Whichever the reason, they suggest that 
diagnostic categories may not be particularly useful in studies of underlying 
functioning. A more profitable process may be to investigate relationships between 
functioning and outcome measures as in the following correlational analyses.
Section 3: Relationships between measures
Correlation analyses were conducted on the results of checklist scores and working 
memory recall span scores obtained by teachers for 99 participants out of the 103 
participants of Study 2. Results are reported below, first for CBDC scale scores 
(Table 11), followed by inter-correlations with the working memory span measures 
(Table 12). These findings show that, overall, if a child has problems in one area 
reported in the checklist data, they are likely to show relatively higher recorded 
problems in the others. Generally, difficulties related to inattention, behavioural 
problems and emotional liability seem to co-occur in the special educational needs 
groups assessed in this study, consistent with the data reported in Figures 3 and 4.
This interrelationship between difficulties therefore would lead to an increased 
relationship between each area of difficulty and any underlying cognitive/biological 
factor that leads to one of those areas of difficulty. Therefore, in order to assess the 
prediction that central executive weaknesses will be specifically related to inattention 
problems in ADHD and other educational learning difficulties, a series of regression 
analyses were performed.
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In these analyses, the central executive measures (listening and reverse digit span) 
were entered as the dependent variable, with the age of the child in years being 
entered as a control variable. Checklist scores were then entered in blocks, with the 
order of entry of the blocks varying between analyses. First, the inattention and 
cognitive-inattention scales were entered, followed by the hyperactivity scale to 
assess specifically whether the latter scale predicted unique variability in central 
executive functioning in addition to inattention levels. The reverse procedure was 
then followed to ensure that inattention scores predicted unique variability over that 
provided by the hyperactivity scale. Finally, hyperactivity, impulsivity, emotional 
problems and poor coordination scales were entered as a block followed by the 
inattention and cognitive-inattention block to assess whether the latter predicted 
unique variability over and above the behavioural-emotional scales of the CBDC. 
Tables 13 and 14 below provide a summary of these analyses.
In addition, table 15 below shows that for listening recall span, age of the child has 
most impact on their task scores which is in a positive direction as shown by partial 
correlations in table 14. The impact of behavioural difficulties does not seem to 
explain the variance in listening recall more than 3.6% for inattentive and cognitive 
inattentive behaviour scores and this seems to be associated in some way to age, as 
its percentage level drops when it is last in the hierarchical regression after 
hyperactivity scores (drops to 2%) and after all behaviours (drops to 1.7%).
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Table 13 Regression analyses predicting reverse digit span levels in the children
by scores on the CBDC
Reverse digit span R R2
change
Sig of R2 
change
Analysis 1 Partial corr'.
+.172
Control: age in years .030 .030 F(l,97)=2.949
P=.089
Par corr 
Age: +.200
-.315 Block 1: 
cognitive/inattention 
+inattention combined 
total scores
.143 .114 F(l,96)=12.71
7
P=.001
Age: +.200 
Inat/cogin: 
-.315
+.118 Block 2: 
hyperactivity
.155 .012 F(l,92)=.677
P=413
Analysis 2 +.172 Control: age in years
Age: +.191 -.183 Block 1: hyperactivity .062 .033 F(l,96)=3.328
P=.071
Age: +.191 
Hyp: +.118
-.315 Block 2: 
cognitive/inattention 
+inattention combined 
total scores
.155 .093 F(l,95)=10.44
8
P=.002
Analysis 3 +.172 Control: age in years
Age: +.167 Emo/imp: 
-.072 
H: -.002 
PC:-.126
Block 1: 
all behavioural 
difficulties *
.092 .062 F(3,93)=2.140
P=.100
Age: +.167 
Emo/imp: 
-.117 
H: +.179 
PC: -.046
-.302 Block 2: 
cognitive/inattention 
+inattention combined 
total scores
.175 .083 F(l,93)=9.349
P=.003
Analysis 4 +.172 Control: age
Age: +.206 -.342 Block 1: 
cognitive/inattention 
+inattention combined 
total scores
.143 .114 F(1.96)=12.71
7
P=.001
Age: +.167 
Inat/cogin: 
-.302
H: +.179 
PC: -.046 
Emo/imp: 
-.117
Block 2: 
all behavioural 
difficulties *
.175 .032 F(3,93)=l. 183 
P=.320
*hyperactivity, emotional lability+ impulsiveness, poor coordination
Table 14 Regression analyses predicting listening span levels in the children by
scores on the CBDC
Listening span R2 R2
change
Sig of R1 change
Analysis 1 Partial corr'.
+.449
Control: age in years .202 .202 F(l,97)=24.484
P=.000
Par corr 
Age: +.467
-.213 Block 1: 
cognitive/inattention 
+inattention 
combined total 
scores
.238 .036 F(l,96)=4.548
P-.036
Age: +.465 
Inat/cogin: 
-.161
+.025 Block 2: 
hyperactivity
.238 .000 F(l,95)=.062
P=.805
Analysis 2 +.449 Control: age in years
Age: +.461 -.143 Block 1: 
hyperactivity
.218 .016 F(l,96)=2.004
P=.160
Age: +.463 
Hyp: +.025
-.161 Block 2: 
cognitive/inattention 
+inattention 
combined total 
scores
.238 .020 F(l,95)=2.529 
P=. 115
Analysis 3 +.449 Control: age in years
Age:
+.435
H: -.024 
Emo/imp: 
-.034 
PC: -.086
Block 1: 
all behavioural 
difficulties *
.227 .026 F(3,94)=1.051
P=.374
Age: +.442 
H: +.066 
Emo/imp: 
-.054 
PC: -.045
-.147 Block 2: 
cognitive/inattention 
+inattention 
combined total 
scores
.244 .017 F(l,93)=2.067
P=.154
Analysis 4 +.449 Control: age in years
Age: +.467 -.213 Block 1: 
cognitive/inattention 
+inattention 
combined total 
scores
.238 .036 F(l,96)=4.548
P=.036
Age: +.442 
Inat/cogin: 
-.147
H: +.066 
PC: -.045 
Emo/imp: 
-.054
Block 2: 
all behavioural 
difficulties *
.244 .007 F(3,93)=.270
P=.847
*hyperactivity, emotional lability+ impulsiveness, poor coordination
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Table 15. Reverse digit recall span vs listening recall span: percentage of 
variance in task scores explained by predictive factors
Predictors of variance in scores Reverse digit 
recall scores
Listening 
recall scores
Analysis 1 % accounting 
for change
% accounting 
for change
Age 3% 2 0 .2%
Inattentive + cognitive/inattentive 11.4% 3.6%
Hyperactivity 1.2% 0%
Analysis 2
Age 3% 2 0 .2%
Hyperactivity 3.3% 1.6%
Inattentive +cognitive/inattentive 9.3% 2 .0%
Analysis 3
Age 3% 20.2%
All behaviours 6.2% 2 .6%
Inattentive +cognitive/inattentive 8.3% 1.7%
Analysis 4
Age 3% 2 0 .2%
Inattentive +cognitive/inattentive 11.4% 3.6%
All behaviours 3.2% 0.7%
In comparison to listening recall span, reverse digit recall spans are most impacted in 
a negative direction by inattentive and cognitive inattentive behavioural difficulty 
scores (11.4%) (after controlling for age which only explains 3% of the variance in 
scores). This drops to 9.3% after controlling for age and hyperactivity and to 8.3% 
after controlling for age and all behaviours. The behavioural difficulties do show an 
effect after controlling for age where they explain 6.2% of the variance in reverse 
digit recall scores (partial correlations indicating behavioural difficulties showing a 
negative effect on listening recall span). However this drops to only 3.2% when it 
follows control of age and inattentive and cognitive/inattentive behaviour. Partial 
correlations indicate that when hyperactivity is in block 2 of an analysis (i.e. after
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controlling for age then another factor) it is seen to have a positive effect on scores in 
both types of task. However when hyperactivity is in block one, immediately after 
controlling for age, then it is seen to have a negative effect on scores.
This could indicate a particular connection between age levels and levels of 
hyperactivity. The effect of controlling for inattention and cognitive/inattention or 
other behaviours prior to hyperactivity scores may reveal that some children may be 
able to harness their hyperactivity for positive affect on their task scores. For 
example, interest in and therefore more perseverance on a task such as the novel 
aspects involved in listening recall or rising to the challenge of reversing digits. 
Where age only is controlled, this may indicate simply that the hyperactive younger 
child may not know how to or be unable to harness such attentional control for 
positive task effect and/or other behaviours may be having a detrimental impact on 
task performance and therefore scores.
The data above substantiate the prediction that central executive tasks, particularly 
reverse span, are more related to inattention problems than behavioural. This reflects 
the differences between the ADD group in study 1 and the ADHD group in study 3: 
an ADD group (such as in study 1) would be more likely to show central executive 
weaknesses, whereas, if you have a more mixed ADHD group, as in study 3 then 
these effects may be less apparent. These regressions support this interpretation.
j
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S t u d i e s  4  a n d  4 a :  M n e m o n i c  S t r a t e g i e s :  E f f e c t  O n  R e c a l l  O f  S e l e c t e d  
S E N  P a r t i c i p a n t s  a n d  S i n g l e  C a s e  R e p o r t s
Introduction
This chapter narrows down the previous research in Chapters 2 to 4 to a small sample 
of children representing each of the SpLD groups previously studied in order to 
further investigate working memory as a vehicle for use as a simple screening 
measure of SpLD or SEN for use in practice and as a theoretical construct with the 
potential to increase understanding of the conditions leading to improved learning 
experience of individuals with SpLDs/SENs.
Chapter 2 detailed the results of highly selected ‘pure’ groups of children within the 
SEN categories of dyslexia, dyspraxia and attention deficits in which clear 
differences were found when participants were presented with working memory 
recall measures that are said to tap the three components from the tripartite model of 
working memory (Baddeley & Hitch, 1974). Although areas of weakness were the 
focus of the study, areas of ability, or comparative ability, were seen in each SEN 
case. /
Further evidence was provided for a relationship between working memory 
processes and SEN groups in Chapter 3. Differences were found between controls 
and SEN groups on a comprehensive range of working memory tasks and also on a 
range of traditional assessments of cognitive functioning proposing a potential link 
between working memory sub-systems and cognitive function profiles characteristic 
of dyslexia and other types of SEN.
However, differences between the two SEN groups (pure dyslexia and a comorbid 
SEN group) were not always significant and post hoc comparisons of results of those 
two groups comparing primary and secondary age children showed variations of 
results that were less consistent with the proposed relationship between WM and 
SEN. These issues were initially examined in the second part of chapter 3. Some 
post hoc comparisons reflected group studies seen previously: (i) control group
C H A P T E R  5
92
scores showed more consistency across both age groups than the SEN groups, (ii) the 
dyslexia group was weaker in phonological areas than the other SEN group and (iii) 
the other SEN showed more coordination difficulties. Yet some of the results on 
particular tasks raised issues that require further investigation. These included areas 
of comparative SEN ability when compared to controls; for example, the dyslexia 
group performed well on block recall, bead threading and WM CE listening recall 
and the other SEN group produced good scores on alliteration, WM CE backwards 
digit recall and both attention/inhibition tasks. Some measures were able to 
differentiate between control and both SEN groups (both WM PL tasks and PhAB 
nonword reading) and some measures were unable to differentiate between any of 
the groups (maze memory), whereas predictions based on study 1 data might have 
argued for more differential effects between the SEN groups.
These effects clearly require further research to explain fully. However they point to 
a range of factors (some considered in chapters 2 and 3) influencing the relationship 
between WM processes and SEN types. Although large-scale group studies of all of 
these factors is beyond the scope of the work reported in this thesis, the present 
chapter aims to inform such future research by considering the influence of 
variations in cognitive profiles, as well as emotional/behavioural factors, on training 
in WM functioning.
Study 4: Mnemonic Strategies: Effect On Recall Of Selected SEN Participants 
Introduction
Mnemonic strategies involve the use of a variety of skills that can improve recall. 
These should enhance rehearsal, involve compacting material into smaller ‘chunk’s 
and embedding the material into semantically meaningful representations (Groeger, 
1999). Use of a range of such strategies has been known to improve working 
memory performance in individuals with severe learning disabilities (Hulme & 
Mackenzie, 1992). Meta-analysis of studies of mnemonic strategy instruction in 
learning difficulties populations commend its use as being beneficial and found 
results to have a large effect size (Scruggs & Mastropieri, 1992, Wong, Harris, 
Graham & Butler, 2003).
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It would appear that early remediation may avert the possibility of an impoverished 
language crystallised system, thus affecting its support of working memory 
components. The phonological loop storage is dependent on rehearsal to retain 
information long enough to allow immediate recall or storage into the long term 
memory system. Rehearsal of information that is more familiar (found within long 
term memory) and in which the individual is fluent, is likely to be more effective, as 
evidenced in adult studies of dyslexia and dyspraxia (Jeffries & Everatt, 2003).
One firm advocate of early remediation is Torgesen (in press; 2004), who argues that 
early (kindergarten) assessment and remediation of phonological difficulties should 
support effective development of reading skills and avoid the necessity of 
remediation later in school. His research shows that reading remediation is possible 
for older students but more difficult to achieve because of a lack of fluency. It could 
be argued that poor fluency in reading and a paucity of word information in long­
term memory has affected working memory processes of the secondary age 
participants.
Thus phonological abilities and awareness improves ability to read but acquisition of 
fluency is important to provide greater range of language semantics which should 
provide support for learning other material. The word lexicon in long term memory 
is improved by good and wide reading experience. Practice in reading therefore 
supports memory and learning and adds information to the store within the 
crystallised cognitive systems. Individual differences in learning experience as well 
as emotional and behavioural problems observed and reported by teachers could well 
add to the problems children with learning difficulties face in gaining a large enough 
lexical store with which to support his/her working memory processing. (See also 
the discussion of Matthew effects by Stanovitch, 1986).
The results of McNamara and Scott’s (2001) adult studies (of university students) 
suggest ‘strategy use influences performance on WM tasks’ (p. 10). Controls not 
given strategy directives did not improve their level of word recall in the same way 
as those participants who had been given instruction in ‘chaining’ words together. It 
was noticed that some participants ‘naturally’ used a strategy. An important point
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made here is that word recall improved more when the strategy used was based on 
semantic information: this would reflect the proposed link between crystallised 
systems supporting the fluid capacity of the WM. It could be argued that the 
semantic word based ‘chaining’ directly enhanced and supported the process 
involved in phonological loop rehearsal, thereby allowing the material to be retained 
in the working memory phonological loop temporary storage facility and promoting 
effective recall of the material.
The episodic buffer is not necessarily imputed here because the recall is not complex, 
as it is in such complex CE based tasks as listening recall. However, it could be 
argued that the effect would be the same: strategy use that taps a cognitive 
processing facility with both a good store for semantic information related to the task 
and one that supports the appropriate working memory component’s fluid capacity.
In their discussion, McNamara and Scott (2001) emphasise the benefits of beginning 
to use recall strategies and to have an awareness of meta-cognitive skills when young 
(Baker, 1994, 1996; Freund, 1990; Moely et al, 1992, cited in McNamara and Scott, 
2001). This focus on gaining skills to enhance memory recall abilities whilst young 
reflects that of Torgesen (2004), who asserts that remediation when in kindergarten 
age, rather than later, can better support reading and literacy acquisition.
Study 4 examines the effectiveness of training in mnemonic strategies amongst 
primary and secondary boys showing deficits (more than one standard deviation 
below mean) in scores on the test battery results obtained in study 2. Links were 
examined between the effectiveness of strategy use and cognitive profiles (e.g., 
phonological weaknesses being related to improvements following visual-spatial 
strategies). The influence of other profile elements, such as emotional/behavioural 
difficulties or age differences, were also examined across the cases studied. Practical 
issues of working with individuals with learning difficulties in school meant that the 
study considered the cases own strategies in the main. However, the trainer used 
observations of and information from, the children during the course of providing 
training to encourage the use of a variety of mnemonic strategies. Strategy 
effectiveness was determined by pre-post training comparisons on the trained tasks
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as well as on untrained tasks to assess the potential for generalisation of strategy 
usage across similar tasks.
The results of strategy use on training tasks and on pre-post test recall were 
compared with the profile obtained for the individual from his results in study 2. The 
type of strategy used was noted in order to establish whether it was based on a weak 
or stronger profile area. The influence on training effects of development and of 
SpLD characteristics, as well as emotional/behavioural factors, were also examined 
in the single case studies detailed in study 4a. Individual differences may play a 
large part in motivation, ability to learn the strategy, to use it consistently and to 
apply themselves to the test situation. An in-depth investigation of the nine 
participants’ current data and a comparison with data collected in the previous year 
of research was performed to ascertain the effects of development and individual 
differences on motivation, strategy ability and test behaviour.
The specific aim of this study was to examine the effectiveness of mnemonic 
strategies for sequential recall on performance in working memory tasks amongst a 
cross section of participants of secondary and primary age children with a variety of 
SpLDs. The study also aimed to discover whether successful strategies (i.e. those 
resulting in improved recall) were linked to strengths or abilities shown in the WM 
profiles of the children studied. Finally, the study investigated whether any 
improvements found in specific recall tasks could be generalised to similar tasks that 
tap the same area of WM.
The study, therefore, focussed on the following issues:
• Would the particular strategies (if any) used by the participants to assist in their 
recall of material presented over the five training sessions be effective (i.e. did 
their recall improve over time through strategy use)? And would they be 
effective in the remediation of a profile weakness?
• Would the effective strategies be linked to the participant’s profile strength (as 
compiled from the study 2 data)?
• Would any improvements in specific recall tasks generalise to similar recall tasks 
that tap the same hypothesised working memory process?
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• Would school age group membership (primary or secondary) show any effect on 
performance or use of strategy?
• Would type of SEN or behavioural problem presented by the individual have any 
effect on ability or willingness to use mnemonic strategy?
Method
Participant selection
Sixteen boys were selected from those having completed the combination test battery 
detailed in study 2, The majority of children were selected based on a profile of 
generally low working memory task recall scores and poor results on traditional 
measures combined with one or more good scores suggestive of an ability that would 
enable them to participate in training. A further three boys without SEN were 
selected on the basis of their showing evidence of a range of abilities on the profile 
scores and having fewest behavioural difficulties. Parental consent was obtained for 
all participants in this study.
Six of the boys with special education needs were from secondary year 8 (ages at 
training, 12 yrs 5 months to 13 years 1 months). Ten of the SEN boys were from 
primary years 3 and 4 (ages at training, 7 years 9 months to 9 years 7 months). The 
three control boys were also from years 3 and 4 (2 from year 3). Table 1 below 
presents details of the boys selected in terms of their assessed SEN.
Table 1: Participants SEN assessments.
Primary age Secondary age
4 purely dyslexia (moderate) 3 purely dyslexia: 2 moderate, 1 severe
2 dyslexia comorbid with EBD 1 dyslexia comorbid EBD, severe
1 ADHD comorbid with EBD 1 dyslexia comorbid ADHD, severe
1 dyspraxia comorbid with EBD 1 Moderate learning difficulties (MLD)
comorbid with EBD,
1 SEN with English additional language
comorbid with EBD
1 general difficulties with learning
3 with no SEN (controls)
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Each participant was given five recall tasks from the WMTB-C as per study 2. These 
tasks covered each working memory component (PL, VSSP and CE) and were given 
prior to training in mnemonic strategies. The tasks comprised: digit recall, nonword 
list recall, block recall, listening recall and backwards digit recall. The same recall 
tasks were given again one week after training was completed. In between these pre- 
and post-test phases, the training intervention involved presenting participants with 4 
recall tasks, similar in composition to those in pre-post tests and tapping the same 
working memory components. A reading comprehension task was included during 
the training intervention to investigate specific effects on the recall tasks helping to 
ensure that any improvements were not simply due to general improvements 
independent of intervention.
Master sheet, showing randomisation of tasks and 5 trials; Stop watch; Individual 
stimulus sequences/score sheets.
Word List and Counting recall tasks: WMTB-C stimulus sheets/books. 
Vowel/Consonants: List of stimuli (see Appendix E).
Spatial circle: A4 coloured paper oval overlaying a white A4 sheet affixed to a 
board, on which is a random array of 9 black circles of 2.5 cm diameter.
A4 sheet with identically placed circles, numbered 1 to 9 providing reference for 
stimulus sequences (see Appendix E).
Comprehension passages: Stopwatch; 9 stimulus cards with passage typed on white 
paper in black Arial font. Card size 20.5 cm x 10 cm. Cards 1-5 are level one, cards
6-9 are level two reading ability (based on NEALE reading test passages). Question 
sheet with passages at top: cards 1-5, four questions, card 6, six questions, and cards
7-9, eight questions. Individual score sheet recording: a) time taken (in minutes and 
seconds) from begimiing of task (child starts reading the passage) to end of task child 
answers last question); and b) number of questions correctly answered out of the 
maximum possible.
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Procedure
The schematic in figure 1 below illustrates each component of this study; figure 2 
gives an example of a child’s pre-post and training recall score sheet across trials. 
Pre- and post-testing and training task trials were conducted in a place with as few 
distractions as possible. The procedures for pre- and post-testing recall tasks follow 
those detailed in study 2 .
Training tasks involved each child being given 5 consecutive trials on each of the 5 
tasks: recall of vowel/consonants, word lists, spatial circles, counting and also the 
procedural reading comprehension non-recall task. The order of presentation of each 
recall task was randomised for each participant. Details of each are as follows:
Control task: Reading comprehension.
The child was given a card showing one of the 9 passages, appropriate to his reading 
level. He was asked to read the passage to himself and indicate when finished. (He 
could choose to read silently or out loud). Then the presenter asked the 
comprehension questions whilst the card was still in view of the child. The presenter 
began timing when reading commenced and noted when the final question was 
answered, recording the time and number of questions correctly answered. A 
different passage was used for each of the five trials. The score used was the 
improvement in time taken and the increase in the number of questions correctly 
answered.
Instruction script for control task:
“This task we will again do five times. This time I will give you five different 
passages to read and answer questions about. I am interested in how long you take to 
read the passages and answer the questions so I will set my stopwatch when we start 
the task. I would like you to read the passage on this card - you can read it to 
yourself - and let me know when you have finished. I will then ask you some 
questions about the passage - you can keep the card in front of you to look at when I 
am doing this.”
Figure 1. Chart showing procedure for study 4 mnemonic training study

1 0 1
Recall tasks.
Vowel/consonant list recall tasks: The articulation of the vowels/consonants was 
practiced by the presenter to ensure clarity of presentation. The child was verbally 
given the series of items. Items increased from 1 to 9 vowels and consonants. If four 
correct responses were made in any one series of six items, the presenter moved to 
the next series with one more item. Three incorrect responses in any series and the 
trial was stopped. The child's span was recorded as the number of items in the last 
sequence in which there were four* correct responses. The child's recall score was the 
number of items correctly recalled overall trials on that measure plus a score for each 
item passed over because of ability level or having reached four correct in one trial. 
Word list recall:
This involved the verbal presentation of a sequence of one syllable words that 
increased in length from one to nine words. Words were those normally encountered 
in everyday language. A verbal response was given whereby the participant 
attempted to correctly recall each word and in the correct order. The move on and 
discontinue rules and scoring apply as above (Full details can be found in the 
WMTB-C manual).
Spatial circles:
This task was similar in procedure to the above but item recall startedat two items, 
assuming one item being too easy. The presenter put the presentation array of nine 
circles between them and the child and held the numbered array and the recall 
sequence away from sight of the child. They then pointed to a sequence of circles 
starting with two and going up to nine. Scoring was the same as for the previously 
described recall tasks.
Counting recall:
The child was presented with the items from the WMTB-C recall stimulus booklets 2 
and 3 (instructions for this task were as per the manual). The presenter placed the 
booklet between them and the child, turning the pages as quickly as possible when 
required. The child was asked to count the dots on each page whilst pointing at each 
one with their finger. When the presenter 'covers up the page' (i.e. they turned over to 
the blank page) the child was asked to say what the amount of dots on each page 
were in the order they were given. Scoring was as above.
Instructions script for recall tasks:
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As example: Vowels/consonants: “I am going to say some letters to you and I would 
like you to repeat those letters back to me in the same order I said them. There will 
be three numbers, then four and so on. We will practice first. After we have 
completed the task I would like you to try and explain to me how you remembered 
the letters.”
After the first session, the child was told how many items he recalled and the 
presenter/trainer said that we would try to help him remember more to prime the 
following strategy procedures.
Mnemonic strategy training
1. Identification of child’s own mnemonic strategy prior to further training
After completion of the first trial the child was asked to try and describe the way they
tried to do the task: “Please tell me what you felt was going on as you tried to recall
the letters/words/circles/numbers of dots on a page.” After the child had attempted to
explain how they had recalled the information, the trainer repeated back to the child
to confirm they had understood correctly and to establish the type of strategy used, if
any. (Table 2 below)
Table 2. Examples of confirming child’s own strategy
Visualising: ‘so you saw the letters/words/pattern of circles/number of dots in your 
head and tried to remember the picture?’ incongruous items: ‘so you made a silly
picture of the words...’________________________________________________________
Rehearsal (verbal or sub vocal): ‘so you kept saying the items over and over to
remember them?’_____________________________________________________________
Motion/kinaesthetic: ‘so you made the words/letters/numbers do something?’ OR: 
‘so you ticked off the items on your fingers to help you when you wanted to 
remember those items?’ OR: ‘so you mirrored with your fingers the circles as I 
pointed to them to help you remember?’ OR: ‘you drew the letters in the air as I said
them?’______________________________________________________________________
Chunking: ‘so you put the numbers together to make it easier for you to remember 
them, like sixty two/like six and two is sixty two (like Bingo !)/you put the 
letters/words together... /you put the circles into patterns, like triangles or squares...’ 
Linking: ‘you made the list of words go together in some way... ’.
The child’s own strategy was recorded and this was explained to the child in terms of 
a memory strategy (i.e. that such 'ways of helping you remember' were called 
memory strategies) and that most people had different ways of doing this for 
different types of things you needed to remember. The efficiency of his strategy
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(how well he had recalled the items) was discussed and other strategies that could 
also be used for the particular task were offered.
Coding and recording the strategies the children mentioned.
If the child said something like 'I just concentrated and tried hard', then ‘No strategy 
used’ was noted.
‘Visualisation’ was recorded if the child described using a mental picture 
(highlighting spatial sequence item in colour or visualising the sequence of items in 
geometric patterns).
‘Kinaesthetic or Motor action’ was noted if the child described or showed evidence 
of mirroring spatial movements; writing the letters in the mind or moving the items 
in actions (hen running, house chasing).
‘Rehearsal’ involved evidence of sub-vocal or verbal rehearsal, observing the child 
repeating the words/digits over and over again.
‘Chunking’ was recorded where children were observed or said they had joined two 
or more items together to form one item (e.g. 6, 7 to sixty-seven; picture of hen and 
house for hen)
T r a i n i n g
The following is an example of training where an initial strategy required refining. 
The child said he was putting the number of dots per card into columns of hundreds, 
tens and units for sequences of three. It was hard to use this strategy for four 
numbers when repeating back: 'five thousand, four hundred and twenty four' and this 
impeded his recall. Other suggestions were offered as appropriate for the task and 
the child's ability: ‘a good idea but that was a little hard for you: let’s try splitting the 
numbers up into groups, it won’t be so much for you to remember. This is called 
‘chunking’.’
Where appropriate to child's age and understanding, real life applications and the 
benefits of increasing their memory capacity were mentioned (hobbies, activities as 
well as spelling and remembering instructions) to encourage interest and motivation.
1 0 4
During training sessions a record was kept of the discussion and strategies used and 
prior to each subsequent trial the child was reminded about the strategy discussion 
and their difficulties or improvements following use of the strategy were noted.
Each trial session was followed by a break (at least 15 minutes) before the next one 
was administered. Once the five trials on a task had been completed, the type of 
strategy used was discussed again and noted on the child's score sheet.
Preparation for post testing
After the last of their training sessions, the children were given the opportunity to 
review each of the training tasks strategies used. They were asked what they had 
gained from the training sessions: Q: “What did you get out of this time (training)?” 
Q “Were you some times able to use strategies better than others?”
A week was left between the last training session and post testing. This was to avoid 
interference from the strategies used in the last training task affecting any of the 
memory recall tasks. The short time before post testing could also allow for any 
assimilation of strategies into general use, the effectiveness of which would be 
evaluated in the post testing tasks.
Results
Tables 3 to 5 below present each participants’ training task recall scores and any 
changes in score across trials, pre-post score and span changes, brief details of any 
strategies noted and participant’s profile strengths (from study 2 data). Tables with 
more detail can be found in Appendix F.
Abbreviations used:
Training tasks -  V/C: vowels/consonants; WLR: word list recall; SpC: spatial circles; CR: 
counting recall. Pre-post training tasks -  WLR: word list recall; NWLR: nonword list recall; 
BR: block recall; LR: listening recall.
Profile strengths -  WM tasks: PL= phonological loop, VSSP= visuo-spatial sketch 
pad, CE= central executive. Assessment tasks: PhAB= phonological assessment battery, 
Vsp= visual spatial or motor tasks; ex func= attention/inhibition tasks.
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Summary of individual cases results (reported in tabular form in Appendix F )
Primary Age ‘Pure Dyslexia ’ Group
311 dyslexia moderate 7 yrs 11 months (year 3):
Strengths: PhAB/VSSP and coordination; Weaknesses: PL/CE and central exec 
tasks. This participant showed a connection between training and pre-post results but 
it was difficult to ascertain strategy use. Test behaviour was variable. Control task -  
assisted reading at Level 1 (L I )  improvement 76 seconds tl - 15. Distractible 
behaviour but no teacher behaviour checklist report available.
38 dyslexia moderate 8 yrs 1 months (year 3)
Strengths: PhAB/BDR/executive functioning. Weaknesses: PL/VSSP/CE 
Connection seen between PL V/C training and post results DR; possible connection 
between CR and DR improvements for effort and use o f strategy. His two best post 
results were on weak profile areas (V/C). Control task - L I assisted reading, 
improved by 115 seconds.
39 dyslexia moderate 7 yrs 10 months (year 3)
Strengths: PhAB; BDR; attention/inhibition. Weaknesses: PL/VSSP/CE 
Connection between W M  PL training task and post task result -  profile strength, 
Three post tests results showed decrease on pre tests. Control task - small 
improvement o f 5 seconds
33 dyslexia moderate 9 yrs 2 months (year 4)
No connection training task to post, except for verbal rehearsal training strategy with 
PL post result. Decrease in BR was an anomaly given profile and strength o f strategy 
use. Control task - L I, improving time by 9 seconds, good comprehension
Primary Age ‘Other SEN’ group
312 dyspraxia EBD moderate 8 yrs 8 months (year 3)
A  connection was seen between CE CR training improvement and BDR post 
increase, profile strength and strategy use. Control task - small improvement 10 
seconds 1 1 - 15). Teacher-reports o f high levels o f behaviour difficulties related to 
EBD
31 SEN General learning difficulties 9 yrs 3 months (year 4)
Mixed connection training to post: W LR improved but DR decreased.
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CR improved training, BR improvement post. Strategy use and behaviour very good. 
Control task - L I, consistent, improved time 13 seconds.
32 dyslexia and S &L difficulties 9 yrs 2 months (year 4)
Connect V/C training improvement to DR post related to strong strategy use o f other 
cognitive strength. Decrease in BR anomaly given profile and strength o f strategy 
use. Control task - assisted reading L I, good comp, 36 sec improvement
34 SEN + EAL 8 yrs 10 months (year 4)
Connection between CR training task and post CE improvements; connection to LR 
+ colour-word task profile strengths; unable to comment on strategy use due to 
difficult behaviour. Control task - L I, increase time 6 seconds, good comprehension,
35 dyslexia & EBD (moderate to severe) 9 yrs 3 months (year 4) 
Connection between CE training task and post result; borderline profile strength, 
Unsure o f strategy use due to behaviour difficulties. Control task - L I, erratic 
performance, increase o f 3 seconds, good comprehension.
37 ADHD & EBD (moderate but medicated by Ritalin) 9 yrs 10 months (year 4)
No increase in post scores - decrease in 2 PL tasks and -3 on VSSP: a weak area. 
Possible connection between increases in 2 PL training tasks to borderline PhAB 
profile. Control task - L I assisted reading, good comp, improved 26 seconds.
Primary Ase Control Participants
344 no SEN 8 yrs 7 months (year 3)
Connection between PL and CE training and post tasks. Control task - L2 reading, 
improvement 10 seconds.
331 no SEN 9 yrs 0 months (year 4)
Mixed connections between training and post results. Both PL training show best 
improvements. VSSP and CE tasks best in post testing. Control task - L2 reading. 
Very small increase in time: 9 seconds.
334 No SEN 8 yrs 10 months (year 4)
Connect VSSP SpC training and BR post results, strategy use and behaviour (not 
profile strength). Connect PL V/C training and post results on PL DR with traditional 
PhAB and N W LR  only for profile strengths; so more connection with strategy use 
and good test behaviour? CR showed huge training improvement and was linked to 
cog profile, but there was no generalising to post test results. Also linked to strategy
1 1 0
use and behaviour. NB 3 post tests results showed decrease on pre testing. Control 
task - L2 reading showed more time taken by 88 seconds from t2 - 15.
Secondary Age ‘Pure dyslexia ’ Group
72 severe dyslexia 12 yrs 10 months
Connect training PL improvement to PL DR (not NW LR  -2), possible profile 
strength, rehearsal, behaviour and strategy. Connect training CR improvement to CE 
post task improvement, not related to profile. Used rehearsal, strategies and showed 
good testing behaviour. Control task - L I performance varied, improved 32 seconds. 
Anxiety and inattentive behaviour problems were observed which may have affected 
training and test performance.
74 moderate dyslexia 12 yrs 10 months
Connections seen between PL tasks W LR  training task improvement and post testing 
DR improvement as well as his traditional assessment strengths, strategy/profile and 
his good strategy use. Connection between SpC training improvement to BR post, 
maze memory score and traditional fine motor/coordination profile strengths, 
strategy/profile and good strategy use. No improvement in CE post training although 
improvement in CR training - related to behaviour + good strategy use? Control task 
- impulsive answers eroded comprehension, L2 60 seconds increase in time taken. 
Behaviour difficulties observed.
75 moderate dyslexia 12 yrs 9 months
Connect CR training improvement to LR  post improvement; profile. Possible 
connect SpC decrease training to DR post decrease result? Inconsistent 
effort/attention? Control task: inconsistent, improved 16 seconds overall. Behaviour 
problems noted - connection to intervention/test behaviour?
Secondary Ase ‘Other SEN’ Group
73 dyslexia and EBD (severe) 12 yrs 5 months
Connect PL training improvement to PL post test by profile strength and strategy 
(not behaviour). Connect weak profile and no strategy use to decrease in training on 
SpC (BR post only +1 sc). Control task - L2, improvement o f 29 seconds but 
comprehension marred by impulsive answering. Behaviour problems noted - connect 
to intervention/test behaviour?
I l l
76 dyslexia and ADHD (severe) 12 yrs 1 month
Connect training V/C improvement to N W LR  post training improvement: PhAB 
strength. Unable to assess strategy use due to poor behaviour. Connect decrease in 
BR to poor performance on profile task? Control task - varied performance L l,  9 
seconds increase in time taken. Behaviour problems noted - connect to 
intervention/test behaviour?
71 MLD and EBD (severe) 12 yrs 5 months
Connect train VSSP SpC improvement to BR improvement post test; profile 
strength. Possible connection o f W LR training improvement to DR post training; 
PhAB profile strength but NOT PL strength; comiection with strategy linked to 
profile strength? Control task: consistent improvement L l (67 seconds), excellent 
comprehension. Behaviour problems noted - connect to intervention/test behaviour?
Comments on observations of secondary boys ’ use of strategy after post testing. 
These year 9 pupils, aged between 12:6 and 13:2 at post testing, performed much as 
expected from previous observations and training results: those who were steady in 
their performance did well, those who were erratic remained so and brought more to 
the testing session than just ability and strategy use: behaviour and attitude were very 
difficult variables to control for.
Overall, although the testing and training was about memory functioning and 
abilities, what each child brought to any session o f testing, training or discussion, 
was as much about their personality, character, temperament, self esteem and self 
efficacy and also their locus o f control. It could be argued that those children who 
had an internal locus o f control seemed to be the ones who would apply their mind to 
a task and find a strategy that would help them approach the task. Those boys who 
guessed and then looked to the presenter to provide an answer or to help them, could 
be argued to have an external locus o f control. The older boys with emotional and 
behavioural problems seemed to give up more easily than those primarily with 
dyslexia. Perhaps constant and consistent repetition may give some improvement 
over time although this would obviously be very time-consuming for both student 
and teaching support staff given this was a state school with limited provision.
1 1 2
Results across all participants
Training in specific recall tasks was seen to generalise to comparative recall tasks.
A ll secondary and 10 out o f 13 primary participants showed improvements in scores 
and spans in tasks where improvement had been seen across training tasks tapping 
the same underlying W M  component. Where such generalisation had occurred, there 
was also seen to be a connection with participant’s profile strength in the cognitive 
function underlying the recall task. In cases o f highest improvement in performance 
across training scores, the type o f strategy used was connected to profile strength. 
Poor use o f and response to strategy training and erratic results across training trials 
were found where boys had evidence o f behavioural difficulties.
A ll secondary participants and nine out o f thirteen primary participants were seen to 
have post test improvements where training tasks tapping the same W M  component 
had also shown improvements. This indicates that training in specific recall tasks 
could generalise to comparative recall tasks. Four primary participants (311, 331, 31 
and 33) showed an improvement in training tasks that was not reflected in the post 
test tapping the same W M  component.
Three primary and two secondary participants were able to improve a weak recall 
study 2 score after training. Participant 38 (mild dyslexia, year 3) improved scores 
and spans on PL DR (+4 score, +1 span) despite weak PL in study 2. He also 
improved VSSP BR by the same amount despite this being a weak area. He had 
been seen to use several strategies dming training: visualising and verbal rehearsal 
strategies, the latter being connected to his profile strengths (which were nonword 
list recall, PhAB and the bespoke tasks). He also used a deal o f effort during test 
performances. Participant 311 (moderate dyslexia, year 3) improved on his study 2 
N W LR  results (+ 3 score, + 1 span) despite both PL tasks being weak. He was seen 
to use some verbal rehearsal but also used his fingers to aid recall during training. 
Good testing behaviour was exhibited. Control participant 334 improved on study 2 
scores in DR and BR connected to his excellent use o f more than one strategy 
covering visualising, verbal rehearsal and chunking, covering his strengths in central 
executive and PhAB tasks although the two remediated task scores had been weak.
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Secondary age participant 71, notwithstanding his assessment o f MLD and EBD, 
improved his study 2 PL DR score by using verbal rehearsal strategy connected to 
his comparative profile strengths in PhAB tasks. Participant 72 (severe dyslexia) 
improved on his study 2 scores in three tasks: PL DR and both CE tasks, LR  and 
BDR. He had used verbal rehearsal strategies during training, which, despite his 
dyslexia assessment, were average and therefore was considered to be profile 
strength. He also exhibited a great deal o f effort during testing.
In contrast to the poor level o f improvement in weak areas o f recall, all secondary 
participants’ training task improvements that connected to a post test improvement 
also showed a connection to cognitive profile strength that could be said to underlie 
the task. Where primary participants had shown a connection with training to post 
test improvements (nine out o f the thirteen) there was also a comiection to profile 
strength.
Where good improvements were seen in training scores across trials, strategy use 
connected to a strong area in profile were in the majority. Occasionally a strategy 
was used from a different cognitive area to that o f task (visual picture or motor 
mnemonic e.g. 37 (ADHD/EBD, primary year 3), 39 (dyslexia, year 3), 71 
(MLD/EBD, year 8), 76 (dyslexia/ADHD, year 8). There were occasions where a 
post test task showed good improvement but was linked to a weak cognitive area (38 
(dyslexia, year 3), 334 (control, year 4), 71 (MLD/EBD, year 8), 72 (dyslexia, year 
8), and 74 (dyslexia, year 8). In these cases the good use o f strategy and good test 
behaviour seemed to be associated with the unexpected increase in post test recall 
ability.
Good use o f strategy was seen to be the case where post improvements were linked 
to intervention improvements. Exceptions were participants 311, 34, 35 and 
occasionally with 37 (ADHD/EBD, year 4) and 71 (MLD/EBD, year 8), 73 
(dyslexia/EBD, year 8) and 76 (dyslexia/ADHD), where it wasn’t possible to 
determine strategy use due to test behaviour difficulties.
Test behaviour difficulties were noted to be where participants had been given 
teacher-reports o f constant problems with behaviour, all o f which were ‘other SEN’
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having comorbid difficulties: 312 (dyslexia/EBD, year 3), 34 (SEN/EAL, year 4), 35 
(dyslexia/EBD, year 4), 37 (ADHD/EBD, year 4), 71 (MLD/EBD, year 8)  and 73 
(dyslexia/EBD, year 8). Reports o f cognitive difficulties with inattention, 
cognitive/inattention, hyperactivity and emotional problems were also noted in the 
same participants who had inconsistencies in pre to post training results and in 
training behaviour on different tasks. Where a participant had such behavioural 
difficulties, his performance on any task could vary a great deal across training trials 
(34, 35,37, 73 and 71).
Over all participants, the control task results did show improvement consistent with 
participants who had improved in training and showed some measure o f pre-post 
training improvements. However, the comments o f behavioural inconsistency on 
point 5 would relate also to the control task performances. Some participants 
mentioned in this regard showed impaired comprehension due to impulsive 
answering or guessing the answers, although the information was in front o f them on 
the passage read even though it had been explained that they could refer to it.
Discussion
Participants who showed most improvement and best performance were those who 
were able to harness areas o f cognitive ability both to perform the memory tasks and 
to use strategies related to those abilities. Emotional and behavioural difficulties 
affected the consistency o f performance on tasks and also the take-up o f strategy 
appropriate to tasks. Use o f mnemonic strategies appeared to be the main factor in 
recall improvements in the following cases: where a connection to strong profile area 
was seen; the participant being o f secondary age (more consistent in use o f strategy) 
and being a control child (most effective in strategy use where more than one 
strategy was used for each recall task).
The effectiveness o f a strategy was detrimentally affected by behavioural difficulties 
and emotional issues (e.g. mood/anxiety); such behavioural difficulties affected 
consistent and effective use o f strategy. It was noticeable that the younger age boys 
were less affected by emotional fluctuations than those o f secondary age. Where 
cognitive strengths were linked to use o f a particular strategy, this appeared to
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improve the likelihood o f effectiveness. A ll secondary and nine out o f thirteen 
primary children who had pre-post hoc increases linked to training tasks were those 
whose strategy was based in an area o f strength (from study 2 profiles).
Although every individual needs to understand and value his part in the learning 
process, some participants seemed to use strategies naturally. This was notable in the 
three primary control participants, even though strategies such as repetition, 
chunking and imaging are more often likely to be used in older children (Rosser, 
1994).
In order to enquire further into the issues highlighted in this training section, an in- 
depth and longitudinal analysis was undertaken on the data from a selection o f the 
individuals who had taken part in the mnemonic training study. Nine single case 
studies o f primary and secondary age participants were conducted to investigate 
cognitive and emotional and behavioural profiles, developmental aspects o f recall 
abilities and mnemonic training performances.
S t u d y  4 a :  S i n g l e  c a s e  s t u d i e s  
Introduction
The data obtained from the group intervention study (study 4), indicated that, as well 
as age group and type o f profile, individual differences play a part in a child’ s test 
performance, his ability to use strategy, his overall behaviour and educational 
achievement levels. For example, behavioural difficulties affected training 
behaviour in terms o f distractibility (either environment or within task), attention 
difficulties or the ability or tendency to hyper-focus on a task that provided challenge 
or interest and occasionally, withdrawal or non-compliance was observed.
Emotional problems were also seen to have an impact: negative self labelling, high 
anxiety levels and learned helplessness ( ‘ I can’t do it!’ ). Aggression and anger could 
also be brought into the test or training session i f  a participant had just previously 
had an altercation with his teacher or peers. Control non-recall tasks showed 
variability across participants.
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These findings confirm the results found in chapter 3 which found associations 
between cognitive and behavioural difficulties and working memory recall results, in 
particular with tasks that involve central executive (backwards digit recall) and that 
involve material that is unfamiliar and difficult to support with a strategy (nonword 
list recall).
It is therefore considered important to look further into the results and observations 
o f a selection o f participants from the training study that represent the variety o f 
special educational needs cases found within most state schools and which also 
represent the issues raised in the previous studies in this body o f work.
The virtues o f undertaking such case studies are that it allows for a more detailed 
examination o f the processes within the individual and for his individual differences 
to be taken into account when describing results. With regard to learning difficulties, 
the issue o f comorbidity o f difficulties is able to be examined in a more detailed 
fashion than a group study: it is difficult to find exact matches o f SpLD profiles and 
range o f behavioural difficulties between individuals o f the same age. From a 
practitioner’ s point o f view, each child with special needs would present the 
challenge o f providing bespoke support for the variety o f issues found within him.
Everatt (2001) describes issues surrounding special groups’ research. He notes that 
qualitative information is o f relevance to effects o f difficulty in learning on self­
esteem, resulting in behaviour problems and juvenile delinquency giving rise to poor 
work prospects and difficulties in parenting abilities. Although it is important to 
define the groups which are labelled as ‘ special’ and ensuring external validity 
through effective sampling and generalisation, individual studies can address and 
avoid some o f the diagnostic issues o f SEN research which remain largely 
unresolved. Furthermore, where there is SEN provision via SEN support in schools 
or disabled students allowance, support is often focussed on compensations intended 
to offset difficulties and make up for weaknesses. However, strategies that the 
individual may be able to harness may be more effective as they provide the 
individual with valuable transferable tools to support them in the future (Wong, 
Harris, Graham & Butler, 2003). Thus, observational data is included in order to
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investigate connections between cognition, recall and the impact o f negative affect 
on performance.
This present study follows the precedent set by Brooks & Weeks (1999) in which 
training was given to improve spelling acquisition and where results o f large number 
o f participants were initially examined and were followed up by smaller groups and 
lastly a mix o f individuals. Similarly a recent study by Pickering & Gathercole 
(2004) examined the individual profiles o f SEN children with particular emphasis on 
their working memory component strengths and weaknesses.
Furthermore, although the participants in Gilger & Kaplan (2002) were referred 
clinical cases, their investigations into comorbidity o f difficulties illustrates the 
number o f problems which can warrant several ‘ labels’ being given to each person. 
Their research and neurological data suggests a description o f ‘atypical brain 
development’ (ABD ) with precise details o f individual’ s profiles, which may be 
more appropriate and less negative in effect.
The single cases detailed here comprise: profiles taken from study 2 results, SEN 
assessment, details o f mnemonic strategy use, training task improvements compared 
to profile strengths/weaknesses, test observations and teacher reports o f cognitive 
and behavioural difficulties and educational achievement levels.
A  summary o f findings and discussion in relation to the individual’s working 
memory and underlying cognitive processes completes the case study.
Aims of study
To expand on the findings o f group data analysed in study 4 by examining 
individuals’ data in depth and to compare study 2 profile and pre to post training test 
performance.
Did improvement in the type o f recall task where recall o f the material involved the 
use o f either phonological, visuo-spatial or central executive working memory with 
a) type and effectiveness o f mnemonic strategy used b) profile strength (or
118
weakness) shown by average standardised scores in that area o f  working memory or 
underlying cognitive process?
Would the information from qualitative data taken from observations during test or 
training indicate particular types o f interference on test performance?
Would there be any links between detrimental affects and types o f observed 
emotional and behavioural problems on recall test performance?
Comparison between individuals was not carried out due to the complexity o f each 
study 2 profile, diversity o f strategy use, emotional and behavioural problems. 
Individual difference issues were not within the scope o f this body o f work, but 
future research may investigate levels o f resilience, self efficacy, self esteem, locus 
o f control and preferred learning style in connection to working memory 
performance.
Method
Participants
Seven single cases with SEN were selected from the nineteen who took part in the 
training study to provide illustrations o f the broader issues which arose during 
training and testing sessions and from the findings o f previous chapters. The 
selection o f the participants covered a range o f profiles and results from study 2 and 
study 4, as seen in Table 1 below. The participants comprised four secondary school 
year 8 boys and three primary school boys (2 in year 3; 1 in year 4). In addition two 
primary school boys without SEN were selected as controls: one from each year 3 
and 4, for comparison purposes.
Materials
Each case study details:
•  Participant’ s demographic details, special educational needs assessment 
details (SEN) and core subject educational achievement details. Primary 
children: Suffolk reading comprehension, SPAR spelling, NFER Maths, 
testing results for study 2; secondary children: National curriculum Key Stage 
2 levels o f achievement in English, arithmetic and science.
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• Study 2 results: cognitive profile strengths and weaknesses and standardised 
scores gained from Working Memory Test Battery for Children (W MTB-C) 
and traditional assessments (PhAB, DST, BDI, Stroop and bespoke tasks).
For further details see below.
• Presenter’ s observations o f performance, and participants’ comments and 
difficulties.
• Cognitive behavioural difficulties profile gained from Teacher/Tutor 
checklist (as per chapter 4).
• Results o f training in mnemonic recall tasks: scores and strategy use.
• Examination o f training task recall results to pre/post test changes to ascertain 
any cross task transfer o f training skills. For further details see below.
• Developmental progress in working memory recall gleaned from the study 2 
profile and pre and post training results’ standardised score comparisons.
• Summary o f case study results in relation to SEN profile, working memory, 
cognition and behavioural/emotional issues.
Study 2 profiles
Each participant’ s WMTB-C recall and PhAB task performance was calculated by 
transforming them into standardised scores and comparing them with those in his age 
band o f the standardised population referred to the respective test manuals.
In order to provide a developmental discourse by comparison to age matched 
standardised scores and population percentile positions, recall scores for those 
individuals’ selected for in-depth single case studies, were recalculated to that used 
in group studies. The latter used a simple scoring method o f one point for each item 
recalled correctly, the working memory span capacity figure being the largest 
number o f items in a block in which a minimum o f four items could be recalled 
correctly in the right order: Span 1: a minimum of 4 right in block 1 (1 item repeated back
correctly) =  a span of 1 and score will be from 4 to 6; a minimum 4 right in block 2 (2 items repeated 
back correctly) = a span of 2, cumulative score could be from 8 up to 12. Minimum of 4 right in block 
3 -  span of 3, cumulative scorejpom 12 up to 18. 4 right in block 4 -  span 4; cumulative score could 
be from 16 up to 24) and so on, with span and cumulative score increasing in the same pattern.
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The WMTB-C manual indicates a M l score o f 6 be given for each block o f 6 items 
passed on (for example blocks o f 1 or 2 are assumed correct given the child’ s 
responses to practice items); a score o f 1 be given for each item passed on because 4 
correct answers had already been given in that block:
Span 1: a minimum of 4 correct in block 1(1 item repeated back correctly) gives a span of 1 
and score will be from 4 to 6; a minimum 4 correct in block 2 (2 items repeated back 
correctly) = span of 2, cumulative score could be from 8 up to 12; minimum of 4 correct in 
block 3 = span of 3, cumulative score from 12 up to 18. 4 right in block 4 = span 4; 
cumulative score could be from 16 up to 24) and so on, with span and cumulative score 
increasing in the same pattern.
Each multiple o f 15 represent a standard deviation away from the average score for 
that age (100). According to the normal (Gaussian) distribution, 68% o f the standard 
population would have a standardised score for their age range between 85 and 115. 
Where there were no standardised test score norms available (bead threading, 
pointing, digit-name/colour-word interference), individual performance was 
determined by calculating the number o f control standard deviations that an 
individual falls above or below the control mean. Scores better than control norms 
are scored as positive and those worse than control average are scored as negative. 
The percentile position figure shows where his standardised scores fall within those 
o f the standardised population in his age band (highest would be 100, average 50, 
lowest 1%).
S IN G LE  S E N  CASE S TU D Y  - participant code ‘31 ’
Participant 31 took part in study 2 when in year 3 aged 7 years and 5 months. He 
was selected for and took part in the intervention study (study 4) (training in 
mnemonic strategies) when in year 4, aged 8 years 5 months. This participant’ s 
special educational needs coordinator (SENCo) gave a ‘ general learning’ assessment 
(on referral from his form teacher) to allow for general SEN advice and support 
pending further in-depth formal assessments by educational or occupational 
psychologists. His results on tests administered by the school indicate he is in the 
lower average band for spelling but just below the average for reading }  
comprehension and mathematics.
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Working memory and traditional tasks profile from study 2
Figure 1. Participant 31 study 2 performance for all tasks compared to standardised or
study age group control mean.
The pattern o f 3l ’ s profile shows primary difficulty in working memory recall and 
traditional assessments related to motor control, fine coordination and L/R/midline 
abilities, although block recall was above mean score. Some problems are seen in CE 
recall: backwards digit recall below mean, listening recall just above. However this 
does not correspond to inhibition/attention task results where his scores are in the 
above average range for his age matched control group. He appears to have no 
difficulty in either PL recall or with phonological abilities: PhAB results all at mean 
or above average and W M PL recall tasks scored just above mean.
Test behaviour and links to behavioural problems observations.
Test behaviour was ‘Quiet but cooperative. Unable to reverse pointing. Handwriting 
untidy, poor pencil control.’ Teacher observations on CBDC over the previous three 
months when participant 38 was aged 7 years 7 months: inattention: 3/8; 
cognitive/inattentive: 3/10; hyperactivity: 1/12; poor coordination: 1 / 4; no scores 
for impulsivity or emotional lability.
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Mnemonic strategy training results during 5 session training period
scores. Order of task presentation: 1. Control task -  passage reading and comprehension. 
2. Counting recall. 3. Spatial circles recall. 4. Vowel/consonant recall. 5. Word list recall.
Figure 2 describes the trial results pattern for each recall task. Counting recall 
presented first, showed lowest recall scores with a variation in t4; spatial circles 
showed highest recall over all tasks, but initial score rise t2/3 declined in t4 and 
dropped to baseline in t5. Vowel/consonant recall initially rose but dropped to 
baseline and below by t5. Word list recall being slow to improve but made good 
progress and best increase in t5.
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Table 1 above details the findings and observations and recall results o f participant 
31’ s intervention trials. Table 2 details his good results in the control (non recall) 
task indicating ability to progress in results across a number o f tasks.
Transfer of specific recall training to general recall: pre to post testing results 
Figure 3 below shows participant 3 l ’ s recall ability scores across one year, from age 
7 years 5 months (study 2 score) to 8 years 5 months (study 4 pre and post test 
scores). There is no change in WM PL digit recall task score across all three testing 
times and although a pre test improvement o f 3 items, post test score in WM PL 
nonword list recall task returns to that o f study 2. Working memory VSSP block 
recall task score dropped pre test, recovering a little post test. Working memory CE 
tasks listening recall and backwards digit recall both decreased from study 2 to post 
test study 4.
Except for digit recall which remained unchanged all scores dropped below that o f 
the previous year. Pre test scores were erratic.
|  Study 2  ■  pre □  post
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Figure 3. Comparison to mean of at! recall task score standard deviations for participant 
31 pre and post training and study 2 scores.
1 2 6
The overall pattern o f recall across working memory components remained the same: 
PL strongest and CE weakest. Despite having abilities in visual and semantic and 
language areas, and the ability to use mnemonic strategies to augment recall, this 
participant continued to have difficulties with working memory recall tasks. There 
are some behaviour issues to detract from learning, in poor mental organisation and 
inattention. Weak areas were poor block recall, difficulties in poor coordination and 
errors in L/R/Midline scores. The differences across his testing times indicate 
fluctuations in cognition and mental organisation, training scores being more 
consistent, supported by mnemonic strategy discussions and practices improving in a 
weak area o f recall when a successful strategy was used.
The overall study 2 results indicate that with the particular sample studied, traditional 
assessment measures were more able to distinguish between SEN group difficulties 
(i.e. between group with literacy difficulties only and the group with a variety o f 
SENs); this participant’ s mixed results reflect the ‘ other SEN’ group where 
additional factors can have an adverse effect on learning.
Being able to attach meaning or pictures to an item seemed to be a key to this child’s 
ability to memorise material and to learn. For example, where he was unable to add 
meaning to or attach pictures to digits or vowel/consonants there was no increase in 
recall or span. But in word list recall where he made pictures and silly sentences and 
counting recall where he pictured the spots in head as well as using verbal rehearsal, 
there was improvement over trials in both cases.
SIN G LE  S E N  CASE S T U D Y - participant code ‘38’
Participant 38 took part in study 2 when in the autumn term o f year 3 aged 7 years 7 
months. He was selected for and took part in study 4 in the summer term o f the same 
year, aged 7 years 11 months. This participant’ s SEN assessment was given by his 
schools SENCo: mild dyslexia, being very articulate with a mismatch between non­
verbal and literacy scores . He had not yet been given a statement o f his educational 
needs i.e. ‘ statemented’ . His school administered test results indicate he is well 
below average on reading comprehension and mathematics for his age range and just 
below the average range in spelling.
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Working memory and traditional tasks profile from Study 2
type of task
Figure 1. Participant 38 study 2 performance for all tasks compared to standardised or
study age group control mean.
The pattern o f results shown in figure 1 above show poor coordination and 
L/R/midline problems reflecting the poor performance on both W M  VSSP tasks, 
block recall and maze memory. His digit recall score was worse in forward (PL) than 
in reverse (CE) condition which is unusual, the latter being a more complex task. The 
below average scores on CE tasks, backwards digit recall or listening recall do not 
seem to be related to his attention/inhibition task performances which were compared 
to study control mean. His good PL nonword list recall score may be a reflection o f 
having no really poor scores on the PhAB tasks showing a phonological ability only 
slightly below average.
Test behaviour and links to cognitive behavioural problems observations.
During testing, pencil control was weak and writing laborious. Although trying hard, 
he needed extra instructions and seemed to have some difficulty hearing. He was 
unsure o f his handedness and could not reverse any pointing instructions. Teacher 
observations on CBDC over the previous three months when participant 38 was aged
128
7 years 7 months: inattention: 5/8; cognitive/inattentive: 5/10; hyperactivity: 3/12; 
poor coordination: 1 / 4; no scores for impulsivity emotional. The only constant 
difficulty was with long periods o f concentration although all ‘ internal* inattention 
behaviours occurred occasionally. His coordination problem was seen in his profile, 
test behaviour and reports o f occasional untidy writing and work.
Mnemonic strategy training results during 5 session training period
Figure 2. Participant 3 8’s progress across the five training tasks trials shown by recall 
scores. Order of task presentation: 1. Control task -  passage reading and comprehension. 
2. Spatial circles recall. 3. Vowel/consonant recall. 4. Counting recall. 5. Word list recall.
Figure 2 above shows the pattern o f results o f mnemonic training sessions in which 
his study 2 profile is reflected in higher scores for PL task vowel/consonant recall 
with W M  CE task, counting recall, having lowest scores over all. Unexpectedly, his 
VSSP recall was not as low as could have been expected from his study 2 results, 
although the recall across tasks on spatial circles was inconsistent and did not 
improve. Word recall showed a small improvement, but also an inconsistent pattern.
Table 1 below shows details o f 38’ s training performance and elaborates on his 
attempts at mnemonic strategies, behaviour and application to tasks. It also indicates 
where profile abilities/difficulties are reflected in his training sessions and 
performance.
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Improvements in span capacity and items recalled were seen in W M  PL 
vowel/consonants and W M  CE counting recall. The former result may have been 
expected given his PL recall being above mean on nonword list recall, although digit 
recall and PhAB scores were slightly below mean. Despite this and his use o f 
strategies, his PL word list recall capacity did not improve over trials and an increase 
o f only one item was seen. Spatial circles task, VSSP, did not improve despite use o f 
strategy and effort, which reflected his very weak profile scores for coordination and 
spatial ability and W M  VSSP recall. The counting recall improvement was not 
linked to results on his profile W M  CE recall tasks but could be associated with his 
good position compared to study control group mean on attention/ inhibition task 
scores. Table 2 above details his control task performance, which shows his ability 
to improve on a non-recall task over trials.
Transfer of specific recall training to general recall: pre to post testing results.
Figure 3 below shows changes pre and post training in addition to study 2 scores.
His comparative abilities in W M  PL and phonological tasks are reflected in 
improvements in both span length and item recall on pre-post test PL recall tasks, 
digit recall and nonword list recall. Thus we see transfer from specific to general: 
training task vowel/consonant recall improved in both span and item recall.
However, the word list recall training task only increased by one item and not in span 
which remained at three - perhaps indicating his recall ceiling had already been 
reached. The CE counting recall training task improvements generalised to the post 
test results o f listening recall.
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H  study 2 ■ pre □  post
3
.3 ---------------------------------------------------------------------------------------------
Digit recall Nonword list Block recall Listening Backwards digit
recall recall recall
type of task
Figure 3. Comparison to mean o f all recall task standard deviation scores fo r  
participant 38 from  study 2 profile to pre and post testing scores.
Compared to children in his age range, over the eight months period and post 
training, participant 38 retained a strong position in WM PL, an improvement in 
VSSP and continued to be weak in CE recall tasks. His difficulties in spatial recall 
and central executive recall may be reflected in his problems with mathematics and 
reading; Pickering & Gathercole (2001) note that working memory capacity has ‘a 
close association’ with English and Mathematics performance (p.28). It may be that 
the difference noted between this child’ s non-verbal and literacy scores may reflect a 
dyspraxic profile in which poor coordination and spatial deficits can be also include 
difficulties with cognitive and mental organisation and may also be implicated with 
his difficulty in understanding instructions (Portwood, 1999). Despite participant 38 
having an attentive and effortful performance in testing and strategy training, his 
score and span improvements were confined to those tasks where his abilities had 
been shown in his study 2 profile.
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SIN G LE  S E N  CASE STU D Y -  participant code ‘312’
Participant 312 took part in study 2 when in the autumn term o f year 3 aged 8 years. 
He was selected for and took part in study 4in the summer term o f the same year, 
aged 8 years 5 months. His SEN assessment was dyspraxia (occupational therapist) 
and ‘ emotional behavioural difficulties (EBD)’ (SENCo), were given within the 
previous year. This child’ s results on school administered tests show him to be in the 
lowest average range for spelling, reading comprehension and mathematics.
Working memory and traditional tasks profile from study 2
s tu d y  a g e  g r o u p  c o n t r o l  m e a n .
The pattern o f results shown in figure 1 reflect Pickering & Gathercole’ s (2001) 
WMTB-C findings where poor recall in W M indicate the need for SEN support, in 
312’ s case, five out o f the six tasks showed below average range recall difficulties. 
Phonological loop task nonword list recall scored within average range although 
below mean but digit recall was close to -  2 SD below mean, indicating particular 
difficulty in digit recall. However, traditional PhAB assessments show no difficulties 
in phonological awareness and ability. His bead threading fine coordination task was 
below mean but within average and his pointing errors in the L/R/Midline task were
132
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nearly -  2 SD below mean compared to his age group controls, reflecting his 
assessment o f dyspraxia and which were mirrored in his poor VSSP task scores, both 
being well below average range. Although CE recall was very poor, 312 showed low 
levels o f difficulty with attention and inhibition on the two interference tasks in 
results also compared to age group controls.
Test behaviour and links to cognitive behavioural problems observations.
Test behaviour: Very poor writing and pencil control. Appeared to struggle with 
phonological tasks (PhAB), despite good scores. Teacher observations on CBDC 
over the previous three months when participant 312 was aged 8 years old: 
inattention: 4/8; cognitive/inattentive: 4/10; hyperactivity: 8/12; impulsivity: 7/8; 
emotional lability: 3/8; poor coordination: 4/4. The high scores indicate severe 
behavioural ‘ external’ type behaviour problems consistent with his assessments o f 
dyspraxia and EBD but also indications o f ‘ internal’ difficulties with cognitive and 
inattentive behaviour.
Mnemonic strategy training results during 5 session training period 
Figure 2 below shows how erratic his training performances were, especially seen in 
W M  CE counting recall and W M  VSSP spatial circles recall tasks. Both W M  PL task 
scores were much more consistent across trials although showing little or no 
improvement. This consistency reflected his ability in phonological areas, which may 
have accounted for the better response to testing.
133
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Figure 2. Participant 312’s progress across the five training tasks trials shown by recall 
scores. Order of task presentation: 1. Counting recall. 2. Control task - passage reading 
and comprehension. 3. Vowel/consonant recall. 4. Word list recall. 5. Spatial circles recall.
Table 1 below indicates little observation and report o f any personal strategy used by 
312 pre-training, apart from some visualising o f letters. The most prevalent type o f 
strategy attempted during training was visualisation, which proved helpful in 
counting recall and word list recall. Connections with his behavioural checklist 
profile (showing poor coordination) and his dyspraxia assessment showed in his 
difficulty in focussing visually on the dots in counting recall -  possibly related to 
dyspraxic type double vision. His poor W M VSSP block recall score and erratic 
focus reflected in poor spatial circles training result, although his study 2 fine 
coordination and pointing tasks showed him to be average compared to the study’ s 
age matched controls’ mean.
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His behaviour during training reflected the considerable difficulties with behaviours: 
hyperactivity and impulsiveness and inattentive/cognitive difficulties reflected in 
poor attention and erratic focus, unresponsiveness and avoidance o f tasks and 
inconsistent effort. It is possible that his report o f feeling unwell was more indicative 
o f low mood rather than illness.
Table 2 above shows improvement in task time scores across a number o f 
presentation times in a non-recall task and reflects the participant’ s relatively good 
WM PL and PhAB scores and his good behaviour and consistent application to task 
where he is comfortable with a task.
Transfer of specific recall training to general recall: pre to post testing results
□  Study 2 ■  pre □  post
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Figure 3. Comparison to mean o f  all recall task standard deviation scores fo r  
participant 312 from  study 2 profile to pre and post testing scores.
Figure 3 below shows changes pre and post training in addition to study 2 scores. It 
is noticeable that except for backwards digit recall which showed a much improved 
position, all post testing scores are below the average range of+1/-1 SD compared to 
mean scores o f other children in the population within his age group; the VSSP task, 
block recall, being particularly low. Although 312’s digit recall scores improved, 
when converted to standardised scoring, they were still less than -1 SD below mean.
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Standardised scores for nonword list recall and block recall dropped, the latter 
showing a very weak position. As well as improvement in PL digit recall position 
increases were also seen in CE listening recall and backwards digit recall the latter 
score coming into average range.
Compared to children in his age range, over the eight months period and post 
training, participant 312 retained a similar position in W M  PL digit recall and W M  
CE listening recall, a good improvement in W M  CE backwards digit recall (in which 
good focus and strategy use was observed) but marked drops in VSSP block recall 
and PL nonword list recall. These drops in position may indicate that this participant 
has no supporting strategies or areas o f ability available to assist recall for that type 
o f material and perhaps the negative effect o f the severe cognitive and behavioural 
difficulties he exhibits. Good literacy skills meant that tasks involving words were 
familiar and pleasant providing a positive affect and consistent results. Difficulties 
with numbers and spatial recall meant that tasks were seen as unpleasant and hard 
providing a negative affect and inconsistent results.
This participant results reflect overall study 2 results where traditional assessments 
results were more able to distinguish between the dyslexia and SEN comorbid 
groups. His range o f difficulties perhaps indicate the ‘noise’ found in the data o f the 
latter group who have a variety o f comorbid difficulties as opposed to literacy 
difficulties only.
S IN G LE  S E N  CASE STU D Y  -  participant code ‘331 ’
Participant 331 took part in study 2 when in the summer term o f year 3, aged 8 years. 
He was selected for and took part in study 4 in the summer term o f the following 
school year (year 4), aged 8 years 11 months. This participant had no apparent 
special educational needs and was receiving no support for learning. His results on 
tests administered by the school indicate he is within the average range for reading 
comprehension and spelling.
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Working memory and traditional tasks profile from study 2
Figure 1. Participant 331 study 2 performance for all tasks compared to standardised or
study age group control mean.
Figure 1 above shows this participant’s scores were well above average or within 
average range on W M PL and CE and the corresponding traditional assessment tasks. 
The exceptions to these profile strengths were two tasks involving visual spatial 
recall and fine coordination task.
Test behaviour and links to behavioural problems observations.
Participant 331’s study 2 test behaviour was conscientious and interested; he tried 
very hard and seemed very concerned to do his best. Good writing and pencil 
control. He used his own strategies: fingers on W M PL digit recall, mirrored 
movements on W M VSSP maze memory and verbal rehearsal to remember the 
words involved in PhAB alliteration and rhyme recognition tasks.
Teacher observations on CBDC over the previous three months when participant 38 
was aged 8 years show this participant has no reported cognitive or behavioural 
problems, just occasional difficulty with untidy writing and work, not unusual at his 
age.
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Mnemonic strategy training results during 5 session training period
- - v o w e l/c o n s o n a n t  — ■  -  w o r d  list -  ~ s p a c ia l c ir c le s  *  c o u n tin g  r e c a ll
Figure 2. Participant 331 ys progress across the five training tasks trials shown by 
recall scores. Order of task presentation: 1. Vowel/consonant recall. 2. Spatial circles recall. 3. 
Word list recall. 4. Control task - passage reading and comprehension. 5. Counting recall.
Figure 2 above shows 331 ’ s pattern o f results o f mnemonic training sessions, all 
tasks improving except spatial circles. Steady improvement was seen in 
vowel/consonant recall and in counting recall until the last trial, where he 
encountered some difficulty. Word list recall improved steadily to t3 when he 
appeared to reach a ceiling. The two PL tasks had highest scores, CE counting recall 
being lowest at tl, t2 and t5. Spatial circles VSSP task had same score at tl, t2 and 
t5, having problems mid training despite strategy use attempts.
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Table 1 above shows details o f 331 ’ s training performance and elaborates on his 
attempts at mnemonic strategies and his behaviour and application to the tasks in 
hand. It also indicates where abilities or difficulties shown in his study 2 profile are 
reflected in his training sessions and performance. Table 2 above illustrates 33l ’ s 
control task performance indicating that he was able to improve on a non-recall task 
over trials
Transfer of specific recall training to general recall: pre to post testing results
H Study 2 ■  pre □  post
_2    ............................................................................................................................
D ig it  re c a ll N o n w o rd  l i s t  B lo c k  re c a ll L is t e n in g  re c a ll B a c k w a r d s  d i g i t  
re c a ll t y p e  o f  t a s k  re c a ll
Figure 3. Comparison to mean of all recall task score standard deviations for 
participant 331 pre and post training and study 2 scores.
Figure 3 above details 33l ’ s pre to post training results and his study 2 profile 
comparing his standardised scores to those o f the mean for his age. There was no 
change in working memory span capacity over trials on any o f the training tasks and 
between pre-post testing on WM PL digit recall and WM CE listening recall. Recall 
span capacity increased on VSSP block recall and CE backwards digit recall, both 
tasks weak study 2 scores. On both PL training tasks, the number o f items recalled 
increased with a corresponding increase seen in PL digit recall post test. This
1 4 2
indicates a specific task improvement transferring to a general one. Similarly, the 
number o f items recalled increased in counting recall training task and this specific 
gain transferred to the participant’ s results on the post test backwards digit recall 
span and score. These PL and CE improvements contributed to a rise in standard 
scores and within his standardised age group.
He had an excellent attitude to training and testing requirements and responsiveness 
to strategy discussions and suggestions and the benefits o f such attributes are 
reflected in his increase in all working memory component recall and span capacity. 
Such meta memory competency is usually more noticeable in older children (Rosser, 
1994).
The contrast between his above average PL and average to good CE scores and his 
poor performance on VSSP recall was a reverse o f the results from cases where 
literacy skills and PL and CE were poor but there was a high level o f ability in VSSP 
recall. Such cases were found in study 4 and in the adult study o f Jeffries & Everatt 
(2003).
It is possible that improvements may be more likely when building on an already 
strong base, somewhat reflecting the enhancing effect o f expert skill or knowledge 
on memory tasks (Groeger, 1997).
S IN G LE  S E N  CASE STUDY-participant code ‘344’
Participant 344 took part in study 2 when in the autumn term o f year 3, aged 7 years 
11 months. He was selected for and took part in study 4in the summer term o f the 
same school year, aged 8 years 6 months. This participant had no apparent special 
educational needs and was receiving no support for learning. This child’ s school 
administered test results indicate he was within the average range for reading 
comprehension, spelling and maths.
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Working memory and traditional tasks profile from study 2.
study age group control mean.
The pattern o f results shown in figure 1 below show the discrepancy between his 
strong WM PL and CE performances and his weakness in WM VSSP; the latter not 
appearing to be related to underlying coordination or spatial problems. His poor 
performance compared to control group on colour interference contrasted to his high 
scores on digit interference. His behavioural checklist does intimate some minor 
issues with attention and hyperactivity which may account for difficulties with the 
colour-interference test.
Test behaviour and links to cognitive behavioural difficulties checklist (CBDC) 
observations.
Participant 344 was very bright and quick to understand instructions. He tried very 
hard and understood concepts well. His writing was poor and he said he had trouble 
in class with this. Teacher observations on CBDC over the previous three months 
when participant 344 was aged 7 years 11 months as follows: inattention: 4/8; 
cognitive/inattentive: 2/10; hyperactivity: 3/12; poor coordination: 1 / 4; no scores 
for impulsivity emotional lability. Apart from the occasional problem with lack o f
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attention and some forgetfulness his behaviour is consistent with an active boy o f 
around 8 years old.
Mnemonic strategy training results during five session training period.
- - vowel/consonant —■ - word list ~ tit - spacial circles •  counting recall
Figure 2. Participant 344’s progress across the five training tasks trials shown by recall 
scores. Order of task presentation: 1. Word list recall. 2. Counting recall. 3. Vowel/consonant 
recall. 4. Spatial circles recall. 5. Control task - passage reading and comprehension.
Figure 2 above shows the pattern o f results o f mnemonic training sessions, all tasks 
improving somewhat except spatial circles. The two PL tasks showed good steady 
improvements, most noticeable in word list recall, the vowel/consonant performance 
improving at a less steady rate. The VSSP spatial circles task started extremely well 
with a very good score considering his weakness in this area, but scores dropped mid 
training, rising at the end but not to tl score. The CE counting recall task 
performance was rather erratic, with an initial low score rising at the end o f the 
training. His final scores over all training tasks were good: between 20 and 24 items 
recalled. Training results, strategy use, test behaviour and profile links are detailed in 
table 2 below which gives details o f 344’s training performance and elaborates on his
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attempts at mnemonic strategies and his behavioural and application to the tasks in 
hand. It also indicates where abilities or difficulties shown in his study 2 profile 
were reflected in his training sessions and performance. Table 2 above details his 
control task performance which shows his ability to improve on a non-recall task 
over trials.
Transfer of specific recall training to general recall: pre to post testing results
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M  Study 2 ■  pre □  post
1.5
3 0.5
-0.5
-1.5
-2
J  I J  I
D igit recall N onw ord list Block recall Listening recall B ackw ards digit
recall type of task recall
F i g u r e  3. P a r t i c ip a n t  3 4 4 ’s  r e c a l l  ta sk  s c o r e  s ta n d a r d  d e v ia t io n s  p r e  a n d  p o s t  te s t in g  a n d  
s tu d y  2  s c o r e s  in  c o m p a r is o n  to  s ta n d a r d is e d  m e a n  s h o w n  a s  z e r o .
Figure 3 above shows this participant’ s recall scores changes pre and post testing in 
addition to his study 2 scores. His working memory PL training tasks showed an 
improvement in both span and score (vowels/consonants improving one span and one 
item and world list recall improved one span and four items) and this transferred to 
WM PL nonword list recall, improving by one span and three items. However these 
improvements did not transfer to PL digit recall where span did not improve and two 
less items were recalled than at pre testing at which a high score had been achieved 
(113 standardised score and 0.86 SD above mean). It is possible that either his
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attention was not as good post testing or that use o f verbal strategies would not 
improve an already high score.
His W M  CE counting recall training task improvements in span and recalled items 
(+1 and +6 respectively) reflected his strong study 2 W M  CE scores: listening recall 
at 0.40 above mean and backward digit recall at mean. Whether his 
attention/inhibition performance is reflected here is difficult to say: a good 
performance on digit interference task contrasted to a poor Stroop interference task 
result compared to his age group controls. Perhaps the latter is more a reflection o f 
his occasional problems with inattention and some hyperactivity than any connection 
to processing and type o f task material. His initial and preferred use o f visualisation 
and kinaesthetic and unusual and complex mnemonic strategies for any task did 
generally work but recall was further improved by simplifying the strategies and 
adding verbal rehearsal and chunking.
This participant’ s W M  VSSP recall difficulties evidenced in his study 2 results, (both 
1.53 SD below mean), were reflected in his lack o f improvement in the training task, 
spatial circles recall, despite effortful use o f strategies.
This participant’s use o f  visual and kinaesthetic strategy coupled with his fine 
coordination or spatial abilities contrast with his poor performances on the two 
WMTB-C VSSP tasks and the bespoke VSSP recall task, posing some questions 
regarding underlying spatial and visual processes and their connection with W M  
VSSP task processing.
S IN G LE  S E N  CASE STUDY-participant code ( 7V
Participant 71 took part in study 2 when in year 7 aged 11 years and 5 months. He 
was selected for and took part in study 4when in year 8, aged 12 years 5 months. His 
assessment was moderate learning difficulties (M LD ) (educational psychologist two 
and a half years previously) plus emotional behavioural difficulties (EBD) both at a 
severe level, having a Statement o f Special Educational Needs (SSEN). National 
curriculum achievement levels at Key Stage 2 (end o f year 6) were level 2 for 
English and arithmetic and level 3 for science, the lowest in his age group, highest 
levels reached was level 5 on each.
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Working memory and traditional tasks profile from study 2
F ig u re  1. Study 2 scores o f  ch ild  71 (severe M L D  A N D  E B D ) being 11 years 5 months at
time o f  test battery presentation
Figure 1 above shows a mixed pattern o f scores across tests: W M PL digit recall 
being low but nonword list recall above average range. The three PhAB tests are all 
below average range with rhyme less than 2 SD below the mean, a very poor score. 
Similar to the W M PL task scores, one W M  VSSP task is below mean and one 
above: maze memory being at the top boundary o f average range and block recall 
just below mean. Bead threading and pointing error task are also contradictory, the 
former being at the top o f average range compared to age group control and yet his 
pointing errors take him below the average range. The two W M CE tasks are both 
well below average range with particular problems seen in backwards digit recall 
reaching almost 2 SD below mean. In contrast his performance on the bespoke 
inhibition/attention tasks are above mean for his age group controls.
This pattern shows digit recall, both forward and backwards to be especially difficult 
for him. He seems to have some visual spatial recall abilities although they are 
inconsistent within task type. Inhibition and attention tasks show he has no difficulty 
in these aspects compared to controls but has problems in complex recall tasks.
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Test behaviour and links to behavioural problems observations.
The following test behaviour was observed: “ Child tried hard. Was very distracted 
by outside noise, needed time to refocus. Pencil control was poor.”  Teacher 
observations on CBDC over the previous three months when participant 71 was aged 
11 years and 5 months: inattention: 6/8; cognitive/inattentive: 5/10; hyperactivity:
11/12; impulsivity: 4/8; emotional lability: 2/8; poor coordination: 1 / 4. He showed 
constant difficulties in two areas o f inattention (easily distracted and short 
concentration span), and constant problems in five out o f six aspects o f hyperactivity. 
There are also a range o f occasional difficulties in cognitive and inattentive 
behaviours and impulsivity that may have an effect during testing times.
Mnemonic strategy training results during 5 session training period
F ig u re  2. Participants progress across the f iv e  training tasks trials shown by recall scores. 
Order o f  task presentation: 1. Vowel/consonant recall 2. Spatial circles recall. 3. Word list 
recall. 4. Control task -  passage reading and comprehension. 5. Counting recall
oini—i
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Figure 2 above shows the erratic pattern o f recall scores across training times, 
especially VSSP task, spatial circles and PL task vowel consonants with distractions 
and loss o f interest being noted for both tasks, the latter showing no increase in 
recall. The PL task, word list recall and CE task counting recall showed a similar 
pattern o f improvement, the latter having lowest recall scores although the best 
improvement with increase o f five items recalled.
Table 1 above details training performance and elaborates on attempts at mnemonic 
strategies and behaviour and application to the tasks. It also indicates where abilities 
or difficulties shown in his study 2 profile are reflected in his training sessions and 
performance. Table 2 above shows that this participant could improve consistently 
over time in a non recall task despite a very low level o f reading ability.
Transfer of specific recall training to general recall: pre to post testing results
19 Study 2 ■  pre □  post
2.00
1.50
1.00
0.50
0.00
-0.50
-1.00
-1.50
tL
-2.00
Digit recall Nonword list 
recall
Block recall 
type of task
Listening
recall
Backwards digit 
recall
F ig u re  3. Comparison to mean o f  all recall task standard deviation scores f o r  participant 
71 fro m  study 2 pro file  to p re  and post training scores.
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Figure 3 above shows changes pre and post training in addition to study 2 scores 
comparing his standardised scores to others in his standardised age group. He shows 
excellent improvement on the two CE tasks, his position on both advancing by over 1 
SD. He improved a little on PL digit recall, but his performance was very poor 
compared to that o f the year previously, dropping by 1.40 SD, although this was only 
just below the mean position for his age group. The VSSP block recall task score 
also decreased in position by just over 1 SD putting him in a low percentile position. 
His standardised recall scores for t5 training task PL word list recall were in higher 
average range for his age but fractionally below average for CE counting recall.
These reflect his ability to do well in PL tasks and an improvement on CE tasks post 
training.
Results within the average range indicate that he is able to perform well i f  internal or 
external issues do not distract him from his task. Most consistent scores are digit 
recall and backwards digit recall, each improving over time, the others show 
inconsistencies. His study 2 profile indicates that phonological awareness was poor 
although he did well on nonword reading and nonword list recall tasks. Some ability 
was seen in visual and spatial material. Working memory recall and span 
performances were inconsistent across testing times and during training sessions yet 
his results indicate some recall tasks score above average.
He was able to do very well at times but not so well when internal or external 
distractions took him away from the task set for him to do. His engagement with 
material was best when the type o f material, its presentation or the requirement o f 
responses provoked a positive affect.
S IN G LE  S E N  CASE STUDY-participant code ‘729
Participant 72 took part in study 2 when in year 7 aged 11 years and 10 months. He 
was selected for and took part in study 4 when in year 9, aged 12 years 10 months. 
His assessment o f severe dyslexia (educational psychologist) was four years previous 
he has a Statement o f Special Educational Needs (SSEN). His National curriculum 
achievement levels at end o f year 6 indicates that despite SEN provision he was
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amongst the lowest achievers in his age group for English at level 2 and level 3 in 
Science Arithmetic, highest scores being level 5.
F ig u re  1. Participant 72 study 2 perform ance f o r  all tasks compared to standardised or
study age group control mean.
The pattern o f 72’ s study 2 profile shows PhAB measures weakness, particularly 
rhyme, and alliteration, and high number o f pointing errors on the Bangor Dyslexia 
Test based task, consistent with severe dyslexia. Visual and spatial based tasks, WM 
VSSP maze memory and block recall and bead threading, indicate an average range 
o f visual spatial abilities, although the high number o f errors in the pointing task 
show him to be weak in left/right/midline identification. His W M CE performances 
reflect Gathercole & Pickering (2001): low CE abilities associated with SEN support. 
Inconsistent with his dyslexia assessment, results on WM PL recall tasks, digit recall 
and nonword list recall results were in the average range and average scores on 
nonword recall. Perhaps remediation o f phoneme-grapheme correspondence 
supported PL recall? Compared to age matched controls, his time on the two 
interference tasks was good, not reflecting poor CE recall.
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Test behaviour and links to cognitive behavioural problems observations.
His attitude was willing and helpful, appearing hesitant with pencil and difficulty 
with left/right orientation. He needed to be kept on track and instructions repeated 
more than once. Teacher checklist scores were inattention: 7/8; cognitive/inattentive: 
5/10; hyperactivity: 3/12; impulsivity: 0/8; emotional lability: 2/8; poor coordination: 
1/4; major difficulties being more internal types o f difficulty.
Mnemonic strategy training results during 5 session training period
Figure 1 above shows 72’ s visual-spatial spatial circle recall task scores to have best 
performance over all tasks, although showing only one item improvement. The CE 
counting recall task was lowest yet improved four items with a peak on t3. The two 
PL recall tasks improvement were similar with fairly consistent rises in recall 
performance. Pattern o f results reflect his study 2 profile: visuo spatial strength and 
CE weakness with PL in between. Table 1 below shows details training performance 
and elaborates on his attempts at mnemonic strategies and his behavioural and 
application to the tasks in hand. It also indicates where abilities or difficulties shown 
in his study 2 profile are reflected in his training sessions and performance. Table 2 
shows that this participant could improve over time in a non recall task despite some 
inconsistency.
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Transfer o f specific recall training to general recall: pre -post training and study 2 
Figure 3 below compares 72’ s standardised scores to norm: both W M  PL tasks recall 
declines despite a one year gap and mnemonic training and being comparative profile 
strengths. One issue to consider is that his pre and post test raw scores were 
compared against the next age group as scores show a dramatic drop in position 
within population. In contrast, position on the VSSP block recall task remained just 
below average, improving to above mean pre-testing. His CE recall improved 
consistently across testing for the two CE tasks, a striking improvement seen in 
listening recall improving by 1.60 SD to place him in above mean for his age group.
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F ig u re  3. Comparisons o f  participant 72’s standardised recall task scores as standard 
deviations away fro m  mean: study 2 profile  to pre  and post testing scores.
Performances showed inconsistency possibly due to cognitive and behavioural 
difficulties. Strongest area in W M  VSSP tasks recall supported by strategy use and 
not appearing to be effected by emotional response to this type o f material. Whether 
this is further evidence o f an individual with dyslexia having good visual spatial 
abilities is debateable given his left/right/midline identification difficulties. His 
improvements in W M CE recall tasks showed that he was able to improve his 
complex recall performance given an understanding o f and training in mnemonic 
strategies to support recall. The drop in W M PL recall standardised scores and 
position compared to his age group may be an indication o f his falling behind others 
in his age.
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This participant’s profile is an example o f the impact on recall o f cognitive and 
behavioural issues, difficulties with phonological awareness and abilities. Low 
working memory recall span capacities may be a reflection o f the observations o f 
difficulties with inattention and cognitive behavioural difficulties during his testing 
and training sessions and in teacher report checklist.
S IN G LE  SE N  CASE STUD Y -  participant code ‘73’
Participant 73 took part in study 2 when in year 7 aged 11 years and 4 months. He 
was selected for and took part in study 4 when in year 9, aged 12 years 5 months.
His SEN assessment was dyslexia and emotional behavioural difficulties 
(educational psychologist) given two years previously; SENCo report this as 
‘ severe.’ His National curriculum achievement at Key Stage 2 was amongst the 
lowest in his age group for English (level 2) and arithmetic (level 3) but approaching 
highest for science (level 4).
W orking m em ory and trad itio n al tasks p ro file  fro m  study 2
F ig u re  1. Participant 7 3 ’s study 2 perform ance f o r  all tasks compared to standardised or
study age group control mean.
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The results shown in figure 1 above indicate that overall, participant 73 results are 
below the mean level in the majority o f tasks with variability within task category 
with the exception o f the two digit based recall tasks, PhAB rhyme and block recall. 
He was above mean compared to age matched control group in both bespoke 
interference tasks.
Test behaviour and links to cognitive behavioural problems observations.
He went through most tasks speedily and appeared to understand instructions 
quickly.
Teacher observations over the previous three months were: inattention: 4/8; 
cognitive/inattentive: 5/10; hyperactivity: 4/12; impulsivity: 3/8; no score for 
emotional lability; poor coordination: 1 / 4. Constant problems were seen with 
excessive talking and physical impulsiveness, occasional occurrences o f all 
inattentive and cognitive/attentive behaviours.
Mnemonic strategy training results during 5 session training period
-0 - - vowel/consonant — ■  - w ord  list ~ -  spacial circles — • —  counting recall
training session
F ig u re  2. Participant’s progress across the f iv e  training tasks trials shown by recall 
scores. Order o f  task presentation: 1. Spatial circles recall 2. Vowel/consonant recall. 3. 
Counting recall. 4. Word list recall. 5. Control task -  passage reading and comprehension.
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Figure 2 above shows that most improvement across trials was shown in W M PL 
word list recall and WM CE counting recall. His highest scores overall were in 
spatial circles recall but progress diminished over trials. The two phonological based 
tasks, vowel/consonant and word list recall, showed similar scores until the dramatic 
increase in the latter on the last trial. Counting recall showed lowest scores overall, 
reflecting his difficulty in W M  CE recall.
Table 1 above shows details o f 73’ s training performance and elaborates on his 
attempts at mnemonic strategies and his behavioural and application to the tasks in 
hand. It also indicates where abilities or difficulties shown in his profile are reflected 
in training sessions and performance. Table 2 shows non-recall control task 
inconsistency with poor results perhaps reflecting reports o f behavioural difficulties.
Transfer o f specific recall training to general recall: pre to post testing results
2.5
1.5
- 0.5
-0.5
£. -1.5
-2
-2.5
B  Study 2 ■  pre □  post
Digit recall Nonword list Block recall Listening recall Backwards digit 
recall type of task recall
F ig u re  3. Comparison o f  at! recall task scores f o r  participant 73 fro m  study 2 p rofile  to
p re  and post training scores.
Improvement seen on PL and VSSP tasks post training, in contrast to CE tasks where 
listening recall showed a reduction in scores across test times and CE backwards
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digit recall remained at study 2 score. Best post test improvement was block recall 
(+4) and digit recall (+3). Phonological loop recall tasks digit recall improved most 
showing steady rise in recall whereas nonword list recall only improved by one item. 
Block recall VSSP improved by 4 items, constituting a span increase of one.
In comparison to study 2 profile showing similarity between digit recall issues, 
forward PL digit recall improved but not CE backwards digits. The downward trend 
of CE listening recall reflects lack of improvement in its fellow component task, 
backwards digit recall. Phonological loop nonword list recall’s fractional 
improvement in score suggests that the mean score achieved in study 2 the previous 
year was a possible ceiling for this participant.
This participant’s study 2 CE recall and attention and inhibition task results indicate 
his ability to recall complex material appears to be affected by the type of material 
presented and his response to that material and task condition. His WM CE recall 
performance is poor compared to PL and VSSP. His profile reflects the literature 
indicating that WM CE deficit is found where there is poor educational achievement 
(Jarvis & Gathercole, 2003; Gathercole & Pickering, 2000). His use of mnemonic 
strategy showed a connection to training improvements even though he was often 
hampered by behavioural issues.
His difficulties with digit based material, low National curriculum achievement level 
in arithmetic and behavioural difficulties reflect a study of primary children by 
Adams, Snowling, Hennessy & Kind (1999). They found a negative correlation 
between hyperactivity and conduct difficulties and achievements in arithmetic (also 
reading), although behaviour issues did not affect problem children’s educational 
progress over a year compared to their control age group.
S IN G LE  S E N  CASE S TU D Y  -  participant code ‘74’
Participant 74 took part in study 2 when in year 7 aged 11 years and 10 months. He 
was selected for and took part in study 4 when in year 9, aged 12 years 10 months. 
His assessment was moderate dyslexia (educational psychologist) given nearly five
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years previous and he has a School Action Plus (SAP) priority special needs 
assistance. His National curriculum Key Stage 2 achievements for English, 
arithmetic and science were amongst the lowest compared to participants in his age 
group (levels 2/3, 2 and 3 respectively) highest being level 5 for each.
Working memory and traditional tasks profile from study 2
study age group control mean.
The pattern o f results for participant 74 shown in figure 1 above indicate a high level 
o f difficulty with PL and CE tasks and alliteration and rhyme and block recall. 
Incongruously the two attention/inhibition bespoke tasks were above mean compared 
to age matched controls. Within average range were VSSP maze memory, beads task 
(fine coordination) and pointing errors (left/right/midline identification) in contrast, 
block recall was close to -3 SD below mean. The PhAB task nonword reading was in 
average range but alliteration and particularly rhyme, were below average. Perhaps 
the former reflecting phoneme-grapheme remediation. Similarly W M PL digit recall 
and nonword list recall showed poor performances, both below the average range 
compared to standardised group. The W M  CE task listening recall held a below
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mean but within average range position contrasting with backwards digit recall being 
more than 2 SD below mean. The two digit based tasks showed particular 
weaknesses along with PhAB rhyme with VSSP block recall having poorest score.
Test behaviour and links to cognitive behavioural problems observations.
The participant was late for testing, getting lost on the way, and was tired and 
lethargic, struggling with some tasks. Teacher CBDC observations: inattention: 4/8; 
cognitive/inattentive: 4/10; hyperactivity: 1/12; impulsivity: 1/8; emotional lability: 
0/8; poor coordination: 1/4 (mainly inattentive and cognitive/attentive difficulties).
Mnemonic strategy training results during 5 session training period 
Figure 2 below shows participant 74 to have a pattern o f results with a general 
uptrend on counting recall and word list but no improvement on spatial circles or 
vowel/consonant recall. The first training task, counting recall, although having 
lowest scores, showed best task progress (2 span and 9 items) across trials. Although 
having highest recall overall tasks and one additional item being recalled, spatial 
circles recall span did not change from four. The two PL tasks showed similar levels 
o f recall, word list recall improved steadily over trials increasing 5 items and 1 span) 
yet vowels/consonants recall proved difficult despite strategy use and recall 
decreased by 1 item across trials, span capacity remaining at three.
- - vowel/consonant —□ - word list —a£r — spacial circles —O—- counting recall
27
12 -j , , ,------------------------------------------ ,-------------------------
Tl T2 T3 T4 T5
training session
Figure 2. Participant’s progress across the five training tasks trials shown by recall scores. 
Order o f  task presentation: 1. Counting recall. 2. Control task -  passage reading and 
comprehension. 3. Vowel/consonant recall. 4. Word list recall. S. Spatial circles recall.
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Table 1 above gives details o f strategy use, efforts and results o f training sessions. 
He used a strategy o f his own before any training was given and he made a good 
effort to improve on his strategies and his attention was intensely focussed. His 
vowel consonant progress halted after spans o f three items where he found it hard to 
recall vowels although not consonants. His improvements on word list recall and 
counting recall spans and scores reflected his comparative underlying phonological 
abilities (nonword reading -0.80 and alliteration -1.06 SD below mean). The latter 
reflecting his assessment o f having only moderate dyslexia. His working memory 
scores indicate some other issue impeding his recall; it is possible there is some link 
to his passage reading and comprehension control performance which was varied in 
time (figure 3 below and table 2 above). Also, although it was explained to him he 
could refer to the passage for answers to questions, he did not do this and impulsive 
guessing took up his time.
1.00
0.50
0.00
2 -0.50
-1.00
-1.50
-2.00
-2.50
-3.00
H Study 2 ■  pre □  post
Digit recall Nonword list 
recall
Block recall Listening recall Backwards digit 
type of task recall
F ig u re  3. Comparisons o f  participant 74 ’s standardised recall task scores as standard 
deviations away fro m  mean (O ): C T B  p rofile  to pre  and post testing scores.
Figure 3 above illustrates the pattern o f 74’ s raw recall scores which show some 
improvements from study 2 recall to post testing recall in PL digit recall and VSSP 
block recall although all standardised recall scores remain below the average range, 
listening recall falling from within average position. Nonword list recall falls
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slightly; backwards digit recall raises a fraction. Listening recall shows most drop 
from study 2.
The study 2 profile showed a similarity between the forward and backwards digit 
performance and that is reflected here, as does the similarity between the two CE 
performances. Nonword list recall does not change across each performance. Digit 
recall performance is most enhanced, more than block recall, which showed a weak 
profile performance.
The results o f 74’ s profile indicate difficulties with material which is hard to attach 
meaning to in order to aid rehearsal and recall: PL digit recall and nonword list 
recall, CE backwards digit recall and VSSP block recall. Rhyme score was very poor 
reducing its use as a mnemonic aid for verbal rehearsal.
During his training sessions his motivation to learn was very high, shown by effortful 
performance and use o f strategy was seen prior to training. However, his reading 
passage performance and comprehension showed he experienced a great deal o f 
difficulty with this task.
Generalisation o f training was both positive and negative in direction: word list recall 
and digit recall both increased post test; but vowel/consonants recall decreased over 
training, this decrease transferred to post test scores in nonword list recall: again an 
effect o f difficulty applying strategies for certain types o f material.
There was no effective transfer o f mnemonic strategy support for CE recall: although 
some increase was seen in backwards digit recall, listening recall had very low span 
capacity o f only one item. Control task results reflected difficulties where material 
to be worked with provokes discomfort and this was seen in recall tasks where 
nonword list recall and listening recall decreased even with support o f strategies. In 
contrast, digit recall, backwards digit recall and block recall improved somewhat 
despite such material not involving words or reading thus avoiding negative 
emotional impact.
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Two difficulties here: material that is difficult to support with his preferred strategies 
but does not seem to provoke the negative response that is seen in material which is 
supportable by strategies.
Single case studies reflect previous study results in body of work
In the course o f examining the individual case studies, a variety o f results were seen 
across and within assessment types, profiles, and responses to mnemonic strategy 
training. Differences exhibited between individuals within a SpLD assessment 
category (and between controls) may explain the ‘noise’ found in the data in study 2, 
especially within the SEN groups.
In summary these are differences in:
• Emotional response to measures when they reflect an area o f difficulty
• Strategy availability for the measure
• Impact o f inattention and cognitive/inattention different to hyperactive, 
emotional and impulsive behaviours
• Some group membership differences where SpLD assessment does not reflect
the group trends.
Other topics raised were individual differences ( ‘ internal’ inattention and cognitive 
inattentive difficulties in comparison to effects o f ‘ external’ behavioural problems) 
participant selection issues (previous assessment vs profile; differences within 
control group) and type and condition o f material to be recalled (individual 
differences in responses to each).
Study 1: highly selected groups
Within the single cases studied in detail there were few single case profiles and 
results that exactly reflected study 1 where highly selected groups o f 11 to 12 years 
olds were seen to have W M  task results that reflect their underlying difficulties.
The two control single cases did fulfil criteria for control group: no known specific 
learning difficulty or SEN support. However both had weaknesses in VSSP recall:
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344 in both tasks and 331 in BR; 344 also had a few mentions o f attention 
difficulties, although not to any detrimental level.
Primary participant 38 was assessed as moderate dyslexia and had below average 
W M  PL score and a below average traditional assessment results in pointing errors -  
a dyslexia indicator (BDT). However, his individual PhAB scores were in average 
range. Dyslexia assessments o f 72 and 74 both had underlying difficulties confirmed 
by below average rhyme, alliteration and 74 being below average on PL. However 
the latter was also below average in BR and BDR, being average in LR  and MM;
72’ s W M  profile only showed CE recall to be below average.
Although comorbid with EBD, participant 312 fulfilled dyspraxic profile by having 
below average VSSP scores and large number o f pointing errors, he also had 
difficulties with W M  PL DR and both CE tasks plus having difficulties observed in 
all scales on the cognitive behavioural checklist.
There were no purely ADD participants studied as single cases.
Study 1: (ADD) compared to study 3 (ADHD) participants ’ results 
Differences in results were seen between individuals with primarily internal 
inattention and cognitive inattention difficulties as opposed to those with more 
external behavioural difficulties including hyperactivity, conduct disorder, emotional 
problems. Poor coordination was an aspect o f behavioural difficulties which seemed 
to be associated with either type o f behaviour difficulty, depending on which type o f 
task was being attempted.
Compare profiles o f secondary participants 72 and 74 (more internal behavioural 
problems) with those o f 71 and 73 (more external type issues) and primary 
participant 38 (internal issues) to profiles o f 312 and 31 (more external behavioural 
difficulties). The effect on strategy take up and consistency o f test performances 
were more negative for those with behavioural difficulties; internal inattention and 
cognitive inattention problems had a negative effect on central executive and 
executive function high loading tasks.
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Study 2: Dyslexia compared to SEN comorbid group participants and controls. 
Participant 72 assessment o f severe dyslexia, was reflected in traditional task 
assessments: problems with alliteration and rhyme (phoneme-grapheme 
correspondence assumed to be remediated as this task was within average scores) 
and high errors in the pointing task (BDT). However his W M  recall was poorest on 
both CE; both PL and VSSP scores being within the average range.
Interestingly, the only difference between 72 and 71 on W M  profile was that the 
latter was poor on digit recall, 72 was in average range. However there were clear 
differences between the two on observations o f test performance and o f cognitive 
and behavioural difficulties.
Compared to participant 72, 73 (moderate dyslexia) and 74 (dyslexia/ADHD) were 
only deficient in rhyme; both 73 and 74 also exhibited behavioural difficulties and 
had most difficulty with CE tasks but these were material dependent as they were in 
average range on listening recall (word based) but not for backwards digit recall (72 
being below average on both).
Study 2 section 2: relationships between test measures.
The VSSP results were particularly difficult to interpret in relation to groups but in 
single cases the individual differences in results o f the two measures (even with the 
two controls) may indicate that visual and spatial measures may be measuring 
different processing from those involved in CE or PL tasks. Although block recall 
difficulty does reflect a dyspraxic profile (312), low scores on this task were also 
seen in controls (344). Some individuals had good VSSP scores 71, 72, 31, and 
some below average (38, 344, 312) but profiles did not necessarily indicate an 
association with other specific difficulties.
In studying individual cases, differences in results were found within W M  
components. In simple recall, this seemed to reflect differences in responses to 
digits, nonword and block recall a) where it impacted a particular SpLD difficulty 
area (72, 38, 331, 73) and b) where no strategy seemed to be available to support 
recall (312, 331, 73, 71). This was also seen in complex recall CE tasks which
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showed differences in results between listening recall and backwards digit recall: 38, 
73, and 74.
Study 2 section 3: differences between primary and secondary age groups 
Age effects were found within single cases studies where all secondary age 
participants, even though all required SEN support, had some understanding and use 
o f strategy for recall, whereas the primary age group did not demonstrate such 
consistency. This was also seen in the primary age control children where 331 did 
not show use o f any strategies to support block recall whereas 344 used several types 
o f visualising strategies.
Study 3 section 1: difficulty versus no difficulty group
This study comparing a difficulty group with ADHD type problems to controls 
showed difficulty group had lower scores than controls (with some larger standard 
deviations) but the only differences significance were in the primary group, where 
extra loading may be implicated in visual digits compared to verbal digits recall. 
There was no comparable illustration o f  this difference between single cases.
However, several single cases did exhibit inconsistent results and profiles when there 
were difficulties with emotional and behavioural control results. Compare profiles o f 
participant 72 and 74 (cognitive and inattention issues) compared to 71 and 73 
(having external behavioural difficulties). This was also seen in younger age group 
compare controls 344, 331 and SEN participant 38 (cognitive and inattention issues 
only) to SEN 312 and 31, both having reports o f emotional and behaviour 
difficulties.
Participant 38 was able to show improvements linked to recall ability and profile 
despite being an example o f VSSP and CE linked to poor mathematics and reading 
(for example, St Claire and Gathercole, 2006 and Jarvis and Gathercole, 2003). His 
difficulties were not behavioural in nature but centred on inattention and cognitive 
inattention and difficulties with coordination and VSSP.
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Similar to 38, participant 3l ’ s profile reflected difficulties with attention and 
cognitive/attentional and organisation; however 3 l ’ s W M  recall was in the average 
range with high dependence on his good strategy o f visualising and attaching 
meaning to items for recall; his literacy and arithmetic scores were in lower average 
range.
Participant 312 also had problems with coordination and VSSP (consistent with 
assessment o f dyspraxia) but also had a problem with nonword recall despite good 
literacy skills. His W M  recall profile was less indicative o f his issues than traditional 
tasks and observations. His difficulties were centred around those to do with his 
EBD which caused strong negative responses when attempting recall o f strategies o f 
material which he found difficult, where strategy was possible (similar to 31) he 
could do well.
Study 4: mnemonic strategy training and WM recall.
Some o f the single cases examined are illustrative o f some o f the within individual 
responses that provide differing answers to research questions from the majority o f 
the nineteen participants in this study as detailed in the previous discussion section o f 
this chapter.
1. Participants 331 and 31 results did not show a specific improvement in a training 
task generalising to post test task results (311 improved SpC and CR but no 
improvement seen in post training; 31 imp W LR  and CR decreased and BR post train 
but not SpC)
2. Training task improvement were linked to cognitive profile weaknesses in the 
following cases: 311 CR, 37 CR, 334 SpC (VSSP poor); 72 CR improved but CE 
weak; 71 CR imp, weak CE.
Strategy use improved weak working memory recall when it harnessed abilities. 
Improvement was seen in recall o f a weak recall task score (study 2) after mnemonic 
training which was linked to strategy use and good effort, was only found in five out 
o f the nineteen participants. See single case studies 72, 71 and 38: in each case the 
strategy used reflected an area o f ability.
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3. A  strategy using a weak area connected to improved training results in participants 
71, 38 and 72.
4. It was not always possible to establish whether a mnemonic strategy was 
connected to training improvements where test behaviour difficulties meant it was 
difficult to analyse the use o f strategy (71 and 73).
5. and 6. Similarly, test behaviour and behavioural difficulties gave inconsistencies 
in results o f recall and control tasks in participants 312, 71 and 73.
Individual Differences
Further research may be indicated to address some interesting findings o f individual 
differences that affect SEN and SpLD children:
1. Affect o f internal cognitive processing difficulties alone compared to internal plus 
external behavioural control difficulties profiles with dyslexia.
A  dyslexia profile and assessment associated with inattention and 
cognitive/inattention difficulties (72) contrasted in results post training to 73 having 
the same dyslexia assessment and similar cognitive difficulties but with higher scores 
on hyperactivity and impulsivity: comparing study 2 to post training results: 72 
improved on CE tasks, 73 did not; 73 improved on PL tasks, 72 did not.
2. The possibility o f harnessing a potential behavioural problem in use o f strategy to 
support learning.
Interestingly two controls showed differences in profiles and behaviour: 344 had 
some hyperactivity, 331 did not. Participant 344 made use o f his hyperactivity and 
impulsivity by innovative and energetic use o f strategy; 331 was quieter and more 
consistent in results (and higher in profile results). Despite differences in profile, 
neither shows indications o f requiring SEN support, both being within average range 
for reading comprehension, spelling and mathematics.
Participant Selection
The difficulties pertaining to teacher-reported SEN assessment was commented on in 
Gathercole & Pickering (2004).
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Not requiring SEN does not mean that there are no weaknesses in profiles, or 
completely consistent results o f testing. Participant 331 was similar in profile to 334 
in that both were controls receiving no SEN support, they both had strong PL and CE 
working memory but weaker VSSP profiles. Participant 344 had a good overall 
study 2 profile, showed a good use o f strategy which translated to improvements post 
training; 334, despite having a similarly strong base and use o f strategy use, did not 
do so well with digits based tasks and his post training results were more erratic than 
331. This may have been linked to observations o f impulsivity and inattention 
although innovative strategies both visualising and kinaesthetic supported recall 
scores.
Secondly, having an assessment o f a particular SpLD does not always give a clear 
picture o f an individual profile. Participant 38 had an assessment o f mild dyslexia yet 
showed difficulties in VSSP and CE, more reflective o f dyspraxia. Participant 71 had 
had an assessment o f MLD yet he was more able in some tasks than other 
participants and was able to improve through strategy use; the fact he was more able 
at some times than others appeared to be a negative effect o f EBD. He had a similar 
phonological abilities profile to participant 72, assessed as having severe dyslexia.
It was also apparent that differences in results were not just related to verbal versus 
non verbal material in the SEN/SpLD population. Unexpected differences in results 
seemed to reflect an individual response to material at all stages: encoding, rehearsal 
and complex manipulation o f material whilst maintaining memory traces. In simple 
recall, this seemed to reflect differences in responses to digits, nonword and block 
recall a) where it impacted a particular SpLD difficulty area (72, 38, 331, 73) and b) 
where no strategy seemed to be available to support recall (312, 331, 73, 71). This, 
was also seen in complex recall tasks which showed differences in results between 
CE tasks listening recall and backwards digit recall (38, 73 and 74).
Processing issues during encoding, rehearsal and manipulation o f recall material. 
There were differences in initial responses to material (encoding) seen in individuals 
observed to have a negative emotional response i f  tapping a particular area o f 
difficulty (e.g. digits, words, spatial material). This was illustrated in correlational
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analyses in study 3 section 3 where some recall measures results were more 
associated with emotional factors and SEN groups than others. In contrast, some 
measures provoked a particularly positive response in some children, noticeably 
some with ADHD, who appeared to be challenged by the material i f  it was novel or 
timed (listening recall, maze memory, counting recall, bespoke tasks o f 
inhibition/inattention).
Results were also seen to be dependent on the availability o f a strategy to support 
rehearsal o f material for a) recall and b) retention during other manipulation prior to 
recall. Most affected were recall results o f nonword, digits, block recall and 
backwards digit recall (see single cases detailed).
Working memory results may also be affected by the weight o f ‘ loading’ (i.e. 
pressures on cognition and recall processing). I f  digit or vowel/consonants strings are 
o f a length close to individual’s span capacity they may need to involve executive 
functioning (CE) to maintain the initial stimulus material to prevent decay whilst 
encoding the incoming items. A  similar effect may obtain when an individual has a 
particular difficulty with words (dyslexia) or spatial material (dyspraxia) or complex 
manipulation itself (ADD and ADHD), in which case such extra loading may occur 
because o f that specific difficulty. Lastly, i f  the potential loading difficulty is not 
able to be mitigated by use o f (or availability of) an appropriate strategy, then results 
for those CE tasks will be correspondingly weaker as a result.
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Chapter 6: General discussion 
Summary of findings
The data reported as part o f this thesis investigated the relationship between 
education-related learning difficulties and the hypothesized processes o f working 
memory.
A  general conclusion that can be drawn from this work is that there is evidence for 
such a relationship, but that this relationship seems to be influenced by:
(i) additional problems experienced by the child with the learning difficulty, such 
as emotional or behavioural problems;
(ii) mnemonic strategy employment which should enhance recall and may be age 
related;
(iii) factors related to the educational system, which include the diagnostic criteria 
for different learning problems (e.g., whether comorbid difficulties are 
considered) and school background, such as special or mainstream;
(iv ) a lack o f clarity o f theoretical explanations o f the different systems within the 
working memory model, particularly the function o f the central executive and 
its role as an attentional system; and
(v) the use o f different measures o f working memory functioning, which may 
assess different processes from those specifically intended.
However, the findings, overall, were consistent with the predicted relationships 
between learning problem type and working memory components.
This relationship was most clearly evident in the results o f study 1. Carefully 
selected dyslexic, dyspraxic and attention deficit children were distinguished by their 
performance on measures assessing different aspects o f the working memory model. 
Dyslexics showed problems in phonological loop measures but not in visuo-spatial 
areas. Dyspraxics showed the reverse pattern o f problems with visuo-spatial 
measures but average ability levels on phonological loop tasks. In contrast, the 
children with attention problems showed good scores on phonological and visuo- 
spatial slave system measures, but deficits on measures that focused on the 
functioning o f the central executive.
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These data were consistent with the predictions o f the functions o f the different 
elements o f the tripartite model, and suggest that working memory measures can be 
used to distinguish children with different types o f educational problems, as well as 
suggesting areas for intervention or possible causes o f learning difficulties (i.e., a 
difficulty recalling information o f a particular type).
Based on these promising findings from study 1, the second study focused on a wider 
range o f children within a normal school setting (primary and secondary mainstream 
schools) and learning difficulties that may be comorbid in nature and hence derive 
from several sources. This educational context was selected to be more 
representative o f the sort o f problems encountered in normal schools, allowing an 
assessment o f the efficacy o f the working memory measures as indicators o f different 
learning difficulties when presented with the more mixed skills and difficulties 
experienced by children within a typical school setting.
Consistent with the more mixed profiles o f the children tested, the results o f the 
working memory tasks were also less conclusive than in study 1. Although there was 
evidence for the dyslexic children to show differential performance in phonological 
loop versus visuo-spatial areas consistent with study 1, these children also showed 
weaknesses in central executive areas and on measures o f freedom from cognitive 
interference; findings more consistent with this group o f children showing attentional 
problems. Similarly, although the more comorbid group did show difficulties in 
tasks assessing different areas o f working memory, consistent with a range o f 
underlying problems, these were variable across measures considered to be tapping 
the same working memory system.
This latter finding suggests the possibility that the measures were not assessing the 
same working memory system; although the results o f the factor analysis conducted 
on the present data argued for three factors, and measures loading onto these factors, 
in the manner predicted by the tripartite model. Alternatively, it could be that the 
difficulties experienced by the special educational needs children were more task 
specific than predicted, potentially due to some additional underlying difficulties, 
such as emotional/behavioural problems, which may interact with working memory
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functioning and/or task performance. The evidence that the dyslexics showed 
particular weaknesses with numerical stimuli and that effects varied with age o f the 
child were consistent with the possible influence o f these additional factors.
The work reported in chapter 4, therefore, investigated the potential influence o f 
attentional, behavioural and emotional factors on the performance o f children in 
working memory-derived tasks by studying an additional cohort o f  children with 
attention deficits, as well as analyzing teacher-produced questionnaire data that 
assessed the level o f different types o f problems reported for the children discussed 
in chapter 3.
The findings o f  the analyses reported in chapter 4 suggested that:
(i) generally, problems associated with attention, behaviour and emotional lability 
co-occur, so that a child with difficulties in one o f these areas is likely to show 
problems in another;
(ii) cognitive-inattention problems were an additional characteristic o f the dyslexic 
group tested in the previous chapter, consistent with the evidence for 
weaknesses in central executive areas;
(iii) weak central executive functioning was more likely related to attentional 
deficits than hyperactivity problems as evidenced by the unique contribution o f 
cognitive-inattention problems to central executive measures in contrast to 
hyperactivity problems; and
(iv) tasks which require more complex, possibly integration processes, may be a 
specific area o f weakness for the child with ADHD.
Overall, the findings were again interpretable from the perspective o f the working 
memory model; however, they show the need for further work to ensure the 
appropriate use and interpretation o f assessment tools derived from the model in the 
identification o f different types o f education-related learning difficulties.
Given that the reason to assess a child for learning difficulties is to identify an 
appropriate way to support the child’ s learning, the next chapter (chapter 5) focused 
on an intervention study that targeted working memory type tasks to determine 
whether improvements in these tasks would follow practice.
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However, despite some evidence o f improvements over time, these were not 
consistent with the remediation o f areas o f deficit for the individual with a learning 
difficulty. Rather, where positive benefits were found, these typically corresponded 
to areas o f relative strength in the profile o f the child, consistent with practice 
enabling the child to further develop strategies in tasks in which they were already 
reasonably competent.
This conclusion was reinforced in the second half o f the chapter by a consideration 
o f different single cases from the intervention study. Even cases with evidence o f 
attentional/central executive problems showed evidence o f successful strategy usage. 
In addition, the single case data indicated the variability o f performance o f children 
with learning difficulties. This was found particularly in those cases where 
behavioural/emotional problems were also present. These single case data also 
identified children who seemed to be functioning in literacy despite problems with 
working memory, contrary to the prediction that working memory dysfunction would 
lead to educational problems, particularly in language-related skills. However, these 
single case data need to be supported by further evidence.
Theoretical and practical issues
It has been found here and in previous research that central executive measures are 
particularly difficult for children with difficulties achieving expected learning levels 
(see Gathercole and Pickering, 2000a and 2000b; Roodenrys, Koloski and Granger, 
2001; Swanson, 1999; Swanson and Sache-Lee, 2001; Swanson and Jerman, 2007). 
Although a few severely affected individuals showed a more general deficit across 
all tasks (see study 2), which compares with Swanson (1999) who found a domain 
general executive processing deficit in poor reading comprehenders, in general it 
appears from this body o f work that there are occasions when some recall tasks are 
more difficult than others dependent on the individual response to the task, its 
content and condition o f recall and process (see also Smith-Sparke et al, 2003; 
StClair-Thompson and Gathercole, 2006). However, using the tripartite working 
memory model’s central executive component to explain how difficulties with 
cognitive and executive function and processing and behavioural and emotional
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control contribute to variances in working memory functioning is not 
straightforward.
Similarly, difficulties arise where measures tapping the two slave systems show 
variations related to type and condition o f task within each component as seen from 
the results o f the SEN groups and factor analyses in this body o f work. This was 
illustrated diagrammatically in study 3 section 2 where the SEN group results load in 
a different pattern across the three W M  component factors to those o f controls. In the 
SEN group results the component factors load onto recall tasks not typically 
associated with those factors. For example, listening recall was associated with CE 
and VSSP, despite being a word based task and digit recall and backward digit recall 
both loaded onto the CE factor. The results found with the PL measures varied also, 
despite being supposed to tap the same working memory component.
For the visuo-spatial sketchpad measures, results indicated that, apart from dyspraxic 
individuals, there were few differences between controls and SpLD individuals. 
These findings suggest that these deficits might be specific to learning difficulties 
related to motor coordination problems. A  study by Alloway and Temple (2005), 
however, found a slightly different pattern o f results when comparing individuals 
with dyspraxia (DCD) to those with more general learning difficulties (MLD). 
Consistent with the present data, the DCD group scored lower in VSSP areas. 
However, the MLD group scored poorly in all areas, including VSSP measures. A  
further problem is the specificity o f spatial processing tasks, which may tap central 
executive functioning -  an issue discussed in Mammarella & Cornoldi (2005). It is 
possible that the Visual patterns test (Della Sala et al, 1999) as used in Jarvis & 
Gathercole (2003) and Pickering &  Gathercole (2001) may provide more answers in 
comorbid groups but this measure was not used in this present work. Despite this, the 
factor structure data and the specific effects within the dyspraxic group argue that 
VSSP measures may be appropriate as measures o f the hypothesised working 
memory system. Pickering &Gathercole’ s (2004) results are also informative o f the 
specificity o f the role o f working components in four different groups o f SEN 
children, but the authors suggested that group assignment which was not based on 
teacher reported assessments o f SEN might provide clearer picture o f results.
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The large range o f  scores in the literacy and behavioural difficulty groups may have 
reflected individual differences between participants in inattentive and 
inattentive/cognitive processes and perhaps the availability and use o f strategies.
The addition o f the episodic buffer to the tripartite working memory model may 
provide explanations that take past experience and long term memory knowledge 
into consideration, but it is not clear how its processing links with the central 
executive. However, further examination o f whether processing and capacity o f 
material for recall and retention is influenced by core processing or working memory 
difficulties, component difficulties, attentional functioning o f the central executive is 
required as is the establishment o f the extent o f peripheral issues impacting on 
working memory processes. Attempting to answer these questions by comparing 
results o f individuals with typical versus those with atypical development who are 
different in the way they process material for recall and who experience cognitive 
and behavioural difficulties may provide insights that otherwise may be overlooked.
The clearly differentiated results between highly selected LD groups o f study 1 and 
the factor analyses o f data in study 2 indicate that SEN groups’ differ from controls 
in patterns o f measures loading onto principal factors o f working memory recall task 
results. The results o f traditional measures o f assessments were found to confirm 
underlying difficulties and group membership in study 1 but variations were seen in 
the other SEN group in study 2. Such differences in working memory processing 
patterns may be due to a number o f reasons: type o f specific learning difficulty and 
underlying difficulties, use o f rehearsal strategies, negative responses to content o f 
measures, recall hampered by extra loading onto complex tasks. Variability may 
also be due to higher levels o f emotional and behavioural problems.
Reflecting the results in this body o f work, past neurological evidence also implicates 
differences in working memory processes, as well as differences in levels o f 
cognitive processing. Studies o f individuals with attention deficits, dyslexia and 
dyspraxia-type difficulties show different patterns o f activation than those expected 
in prefrontal cortex, left and right hemispheres respectively (citations in 
introduction). The tripartite model (Baddeley & Hitch, 1974; Baddeley, 1986) 
focuses on the structure within which working memory processing occurs. It
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supposes two domain specific components (phonological loop and visuo-spatial 
sketchpad) having storage and rehearsal elements, whose processes are controlled 
and selected by a central executive component, which responds to changes in 
attention. In the later multiple-component model (Baddeley, 2000; 2001), these 
processes are said to be mediated and informed by a temporary storage buffer 
wherein information from the crystallised systems (long term memory, episodic 
memory, lexical/language and visual-spatial semantics) supports recall. Kane, 
Conway, Hambrick & Engle (2007) additionally stress the need to consider the 
function and processes involved within those structures. The storage and rehearsal 
specific components are seen as revealing ‘different perceptual bases o f and rehearsal 
activities afforded by, different stimuli.’ (p. 39). The research findings o f this body o f 
work indicate that different types o f material and different conditions o f presentation 
and recall (thought to represent processing within the different working memory 
components) are responded to and processed differently by individuals with learning 
difficulties as well as having different patterns o f underlying cognitive profiles from 
typically achieving learners. Overall, the controls’ working memory recall results in 
these studies showed expected patterns whereby measures said to tap phonological 
loop, visuo-spatial sketchpad and central executive functions, reflected these three 
distinct components o f the tripartite working memory model. A  similar result has 
been described in a study by Gathercole, Pickering, Ambridge & Wearing (2004) in 
which correlations followed both the structure o f the working memory model and 
also reflected whether tasks were verbal or nonverbal and whether simple or complex 
recall was required.
In contrast, in studies 1 and 2, individuals with specific learning difficulties were 
seen to have abilities in processing types o f material that did not reflect their area o f 
difficulty: recall results could be said therefore to be content and context dependent. 
Such individuals had a predominance o f difficulty with attention and cognitive 
attentional processing compared to controls; the latter not showing the ‘ spiky profile’ 
associated with specific learning difficulties (SpLD) in working memory and 
cognitive task results (although single cases show control results can show some 
variation). This dissimilarity to controls concurs with Jarrold (1999) and Jarrold &
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Bayliss (2007) who maintain that individuals with atypical development process 
information differently from those with typical development.
Study 3 indicates that ADHD with hyperactivity (externalised behavioural type 
problems) participants’ working memory results contrasts with patterns found in 
study 1 with ADD groups (cognitive and attention difficulties). Working memory 
processing was impaired in both cases but the regression analyses in study 2 
indicated that inattention and inattentive/cognitive difficulties play a larger role than 
behavioural problems in variations in recall results after controlling for age, and 
differs across complex recall measures.
The mnemonic practice results and single cases (study 4 and 4a) show that the ability 
to use rehearsal strategies was a factor in production o f good recall, especially where 
the type o f strategy tapped an area o f underlying cognitive ability. Where material 
was difficult to attach meaning to, to chunk, categorise or rehearse to support the 
maintenance o f traces o f the information, then recall was negatively affected. Recall 
was also hampered in cases o f large numbers o f items (e.g. long digit strings) or 
items that are specifically taxing to an individual (e.g. digits or nonword in dyslexia, 
spatial recall in dyspraxia), and they may also have no available strategy.
Individuals with attentional difficulties showed unexpectedly good recall o f  material 
that was novel and provoked interest, or where conditions were challenging and 
provoked motivation to persevere, engendering the ‘hyper-focus’ sometimes 
occurring in individuals with ADHD (Barkley, 2006). It is difficult to see how the 
central executive component as it is currently described would be able to 
differentiate between threats or protections to recall where attentional and 
behavioural difficulties contribute to variation o f recall scores in different degrees to 
dissimilar tasks. The addition o f the episodic buffer does not clarify in which area 
and to what degree these complex processes o f recall material occur. The findings do 
however concur with Kane et al (2007) who stressed the need to consider function 
and process within working memory structure including perception and rehearsal 
strategies. Kane et al also mention the possible influence o f g f  on working memory 
processing which may be implicated in the ability to create and use effective
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rehearsal strategies and which may explain in more detail some o f the variations in 
recall described in this body o f work.
Where general emotional and behavioural issues were found as in study 3 and 4, 
mood swings or negative reaction to extraneous events could impact any type o f 
working memory recall during the test performance itself. Braver, Gray & Burgess 
(2007) mention the influences o f such peripheral factors within their theory o f 
working memory (dual mechanisms o f cognitive control). They also highlight the 
impact on working memory function o f intra individual differences in perception and 
cognition, cognitive control and variations in range and depth o f knowledge. Both 
explanations o f working memory variation (i.e., Kane et al, 2007, and Braver et al, 
2007) are reflective o f the LD participants studied within this body o f work and their 
differences in pattern o f results compared to controls and between SpLD groups. 
Both focus on processing within a working memory construct rather than the 
emphasis on structure o f the model as in the working memory model. In addition, 
Braver et al (2007) mentions the role o f the prefrontal cortex (PFC) in memory 
processing. Deficits with PFC functioning have been identified in individuals with 
attentional difficulties (Barkley, 2007). Such deficits may be the reason for varying 
results in both SEN groups, identified as having difficulties in attentional control. 
Difficulties in focusing on task, inhibiting external stimuli were observed to have 
detrimental effects on mnemonic strategy practice and post training results 
improvements, as well as improvements over time in recall scores and educational 
achievement (chapter 5).
As mentioned above the SEN groups showed different patterns to control group 
results for working memory measures and for traditional measures o f assessments. 
Their overall patterns o f recall and traditional task performance for both types o f 
measures differed according to group profile o f difficulties (dyslexia, dyspraxia, 
ADD, ADHD) and were mixed in comorbid groups where EBD and other difficulties 
were also present. The single case profiles gained from study 2 and cognitive 
behavioural difficulties checklist (CBDC) observations indicated that the SEN 
assessments previously given (as reported by the specialist or the schools special 
educational needs coordinators) may be out o f date and/or a single difficulty
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assessment may have been masking other difficulties present. Additional factors such 
as emotion and behavioural problems in addition to cognitive differences were seen 
to affect performance in SEN groups.
In general, control children were learners whose educational achievements conform 
to the expected pattern and level for their age, their working memory results were 
also in line with those expected. However, in a similar way, the SEN groups and 
individual cases, show working memory recall results that exhibit different patterns 
o f performances across tasks than expected, reflecting the fluctuating patterns and 
levels o f achievement in education. The results o f the majority o f the SEN children 
did show areas o f ability as would be expected in specific learning difficulty 
populations as opposed to a general low level o f achievement across all areas. In 
terms o f interventions design and implementation, bespoke personal strategies could 
tap these abilities and could reflect the preferred learning styles o f the SEN 
individuals. For example the dyslexic-type problems with learning phonological or 
auditory material could be supported by the use o f any visual and spatial abilities 
they may have. In situations where visual and spatial difficulties occur in dyspraxia 
or DCD, then auditory functions may be used to assist in learning. Kinetic and 
imagery may be also be supportive strategies. In the case o f attentional difficulties 
impeding learning, it may be useful to provide the child with a simple explanation o f 
what is required to promote effective attentional control. Using strategies that 
improve motivation for performance in line with child’s interest and motivation may 
assist in focusing on tasks (as reported in study 4 training and single cases). Where 
repeated failure has been experienced, attention to enhancing child’ s levels o f 
resilience has been found to be very effective (for example, Brooks & Goldstein, 
2001).
A  child’ s abilities and interests, i f  revealed and harnessed could be used to support 
the traditional educational curriculum, for example high levels o f sensitivity to social 
interactions or more abstract interests with high levels o f visual and spatial 
perception creative activities or interest in specialist areas such as mechanics or 
engineering or music. Specialist abilities and emotional intelligences have been 
proposed as a successful teaching tool in elementary teaching in the USA
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(Kremenitzer, 2007; Goleman 1996; Gardner & Hatch, 1989). Conversely, lack o f 
motivation to engage with material has been known to affect learning (the ‘Matthew 
Effect,’ Stanovitch, 1988) and indeed where children have engaged with tasks that 
tap their area o f non-difficulty they were seen to be comparable to controls (as seen 
in study 4).
Support and intervention has been found to be more effective i f  understanding is 
gained o f individual’ s different responses to the various types o f material to be 
learned and the way they can use their own bespoke strategies for processing (Wong, 
Harris, Graham and Butler, 2003). A  new move to provide sequential assessment 
linked to intervention called ‘Response to Intervention’ (RTI) has been found to 
provide good results. The child is assessed and remediation provided based on that 
assessment, after a time o f intervention using the programme devised, another 
assessment is given and further changes to interventions are implemented. After a 
period o f time, i f  no improvement is effected then the child is said to be suitable for 
more intensive remediation (Ardoin, Witt, Connell & Koenig, 2005; Barnett, Daly, 
Jones & Lentz, 2004).
The detrimental effect o f EBD was highlighted in poor W M  results and response to 
training. Cognitive behavioural therapy has been found to be useful in assisting LD 
individuals with EBD in understanding and controlling their emotions thus 
improving behaviour and educational achievements, although it may prove difficult 
to obtain the time and provision required from the educational authorities and 
schools.
The UK government’ s ‘personalised learning’ initiatives advocate a teaching and 
learning environment that encourages and supports each child to learn in the way that 
is most effective for that child. Furthermore, within the special needs criteria, 
assessments should be precursors to providing support and remediation in 
mainstream school system with severe cases being given specialised help at special 
schools (DfES, 2004a; 2004b).
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Gathercole and Alloway (2004) advise that support for children with particular 
difficulties in working memory processing, especially with high load tasks and/or 
complex recall requirements, should involve alleviate their difficulty by providing 
teaching environments and strategies that lessen the load on memory systems. Their 
suggestions include breaking down instructions into easier to recall segments, 
ensuring that the child understands what is expected before moving on and providing 
external strategy instruction and support. In their 2006 paper, Gathercole and 
Alloway further advocate that those with learning disabilities be supported in the use 
and owning o f  strategies that can support their working memory and ward against 
failure o f recall.
From the findings o f this body o f work, it is argued to extend these suggestions to 
find distinctive ways in which to address the threats and protections to recall 
described herewith. Assisting a child with learning difficulties to understand their 
strengths and weaknesses and their particular accommodation requirements has been 
found to be most effective based on grounded research (Wong et al, 2003) and in 
practice (Levine, 2002). For example, when assessing children’ s areas o f abilities 
and difficulties, the resulting profile could be used to harness preferences for certain 
types o f material and recall strategies and seek to transfer such skills to all areas o f 
learning. Depending on individual abilities and preferences the child could be 
encouraged to use visual imagery, auditory reinforcement, or kinetic and practical 
ways o f learning. Given the detrimental impact o f such difficulties seen in recall 
scores in this work, it would be pertinent to include attentional and behavioural and 
emotional control difficulties in assessment and remediation o f working memory and 
learning difficulties. Where an individual has attentional control or behavioural 
difficulties, once the particular difficulties have been identified by assessment 
profile, then both child and teacher could work together in mediating the difficulties 
in terms o f individual response and appropriate learning environment perhaps by 
providing age appropriate cognitive behavioural therapy. Some specialist assistance 
may be required in the cases o f severe attentional and behavioural difficulties, which 
may be outside the scope o f general mainstream school support.
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In order to incorporate the additional areas that have been found to impact working 
memory recall within this body o f work, a flow chart model has been devised to 
attempt to illustrate the flow o f information through the various supposed working 
memory components. The model shows how the difficulties experienced by SEN 
children (attentional control, past failures, negative response to certain type o f recall 
material or conditions), may impede the flow o f information and how support and 
protection to recall may be possible from previously stored knowledge and the 
effective use o f strategy.
A proposed model of attention, cognitive and working memory processing flow 
derived from research results.
Description of input flow and processing
1 and arrows throughout: refer to input into the different areas within the module.
2 and 4a: the attentional system, responsible for processing and deployment o f 
attention (i.e. focus, switch, persevere, inhibit).
3 and 5/6: the working memory central executive which controls material for recall 
and sends information to the slave systems -  it also works with attentional processes.
4 and 7: the more crystallized system, which includes individual differences in 
language/lexicon, visual semantics, episodic LTM  -  i.e. personal experience and 
stored information -  also identification o f material and response to material.
4a: information from 4 enters the attentional system.
5 and 6b: simple recall o f material not requiring further processing or strategic 
processing -  the CE sends material to PL or VSSP slave systems for immediate 
recall output (i.e., at 7).
6a and 6b: the mental workspace system designed for complex processing and 
manipulation o f material -  it involves interactions with CE, appropriate slave system 
and the application o f mnemonic strategies.
7: output o f processed material -  either recalled immediately and/or stored in 
crystallised system for future reference.
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Threats to processing and recall:
1: (A  and 2). Attentional processing: negative responses to processing from 
emotional lability or triggers.
2: (4a and 6). Inattention, cognitive/inattention and/or hyperactivity, impulsivity.
(Any area): emotional lability, individual differences in resilience, poor self- 
efficacy, poor motivation, higher levels o f anxiety.
3: (A  and 4). Impoverished crystallised store for age (educational ‘ falling behind’); 
past negative experiences with material or learning situation.
4: (5 and 6) underlying difficulty with particular type o f  material: e.g. verbal, 
phonological, auditory, digits (dyslexia); visual, spatial, kinetic (dyspraxia).
6: (A  and 6). Difficulty with complex processing o f material; no effective or poor 
mnemonic strategy available.
Over view of studies’ results in relation to model
Study 1.
These children had no known emotional issues and their recall difficulties were 
related to underlying weaknesses: type o f material for dyslexia and dyspraxia groups 
who had recall abilities in area o f no difficulty; processing o f material being affected 
accordingly throughout. The ADD group were most impaired in complex recall task 
scoring slightly below controls in simple recall, indicating the pervasive impact o f 
attentional deployment and control difficulties across all other areas o f the system. 
Study 2.
In the dyslexia group with no known comorbid difficulties, weakness in phonological 
loop recall reflected the type o f material related to that group’ s primary phonological 
difficulty. Their poor results in forward and reverse digit recall were due to 
difficulties in simple and complex recall that suggests problems in the slave systems 
and/or the operations o f the mental workspace; areas o f ability for non-weakness 
material showed in the VSSP recall tasks, and in processing input o f novel material 
such as listening recall task.
The SEN comorbid group showed a mix o f results that were weaker than controls 
except in maze memory and pointing where they were similar in abilities to controls 
in these types o f material processing. The comorbid group’s colour-word 
interference result did suggest ability to inhibit material where interest or challenge
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was aroused, implicating effects o f emotional triggers, processing in the attentional 
system and mental workspace and possibly enhancing mnemonic strategy use. 
Primary versus secondary results that showed differences across ages compared to 
controls may have revealed age effects on attentional/comorbid difficulties and 
differences in strategy uptake improving processing and recall support. There is a 
possibility that the SEN knowledge base may have been impoverished compared to 
controls due to past failure to learn, negatively affecting possible support from the 
more crystallised systems.
Study 3.
The results o f the SDQ difficulty group compared to controls showed different 
patterns with lower recall scores difficulty group in all task types and conditions (all 
areas). The majority o f differences between groups at primary group were seen in 
visual digits task especially in the reverse condition although also in spatial circles 
forward recall, indicating differing responses to input material and thus affecting the 
slave system processing.
Also, the primary group showed more differences to controls than secondary group, 
possibly due to increase in attentional control in older age group providing better 
support to recall from the attentional systems.
Hyperactivity and behavioural difficulties on their own gives some working memory 
task impairment, indicating the negative aspect o f triggers and responses to material 
from emotional difficulties. However, the impact o f such difficulties are not as high 
as those o f attentional control issues as seen in study 1 and as reported in study 2 
section 2 where 11% o f variance in backwards digit recall attributed to inattention 
and cognitive/inattentive difficulties after controlling for age. It is possible that 
where the attentional systems are not able to support the CE in its role o f controlling 
and allocating slave system processing, that this weakens mental workspace 
efficiency thus impairing complex recall processing.
Study 4.
The study investigating practicing in mnemonic strategies showed that strategy use in 
area o f underlying ability was related to improvement in recall across tasks. 
Remediation o f weak area was seen in only a few cases. Emotional and behavioural 
problems were observed to interfere with strategy use and cognitive/inattentive and 
inattentive problems interfered with complex recall, affecting processing o f material
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within all areas described by the model. Difficulties with recall and strategies were 
reflective o f participants’ severity o f underlying difficulty in recall and traditional 
tasks from their study profiles and also in their lower educational achievement levels 
o f attainment for their age. Thus the differing quality o f responses to types o f 
material, impaired support from more crystallised systems detrimentally affect 
immediate and long-term recall o f material and also potential to succeed in 
education.
Study 4a
The following single cases (see details below) were considered to reflect group study 
findings and also to fit the proposed processing flow model o f working memory (the 
numbers and letters corresponding to those shown in the model). The first couple o f 
cases are presented in detail to show how the model might support ideas for an 
individual education support process.
331: primary ‘control’ child: no SEN support.
Visual spatial material shows weakness, but no problems with phonological word or 
digit based material (1). Attentional system: no apparent difficulties with inattentive 
or cognitive/inattentive, hyperactive or impulsive type behaviours (2, 4a, A ). No 
EBD or past problems in learning to impose threat to recall. There seemed no threat 
via crystallized system resources (4, 7) as he was in the normal range for literacy and 
mathematics. Control task reading comprehension showed no difficulties, 
alliteration, rhyme and nonword reading indicate phonological awareness and 
phoneme-grapheme conversion and knowledge are intact. Language/lexicon 
therefore assumed to have a good store for adding to rehearsal (4, 6, 7). Visual and 
spatial semantics show some weakness in terms o f fine motor control (1) but his PL 
recall scores were very high in comparison to standardised scores. However, visual 
spatial BR scores show weakness in this area -  possible link to crystallised system 
visual semantics and underlying coordination difficulties: Maze Memory scores was 
at mean, lower than his PL scores (1). Mnemonic strategy use for complex recall or 
for longer strings o f items giving higher loading, for simple recall, approach to 
training was positive showing good motivation to improve and learn. This participant 
used a variety o f his own strategies prior to training. He had no difficulty 
understanding or harnessing new or additional strategies (6, A ). His initial CE 
results were average for BDR and above average for LR and results o f training
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showed increase in all tasks especially CE tasks recall. Training task counting recall 
span score was average but lower than PL or VSSP as would be expected given 
complexity (3, 5, 6).
This suggests that this participant results fit the proposed model: recall scores only 
lower in area o f underlying comparative weakness (VSSP). No other threats to good 
recall for age and good use o f strategies protecting recall affected good CE task 
scores and improvement across training.
38: SEN primary child (assessment o f mild dyslexia).
This child was seen to have particular difficulty with digits and visual spatial 
material (1) as well as with complex recall situations (3, 5, 6). Inattentive and 
cognitive/inattentive behavioural difficulties were reported plus some hyperactivity 
and poor coordination (2, 4a). He has no EBD mentioned but has been receiving 
remediation and support (possible negative affect) (A ); his test performance and 
motivation in strategy use were good (6). Some evidence o f underlying crystallised 
stores deficit was seen in poor fine coordination and left/right/midline identification 
(1,4, 7). His phonological awareness and phoneme-grapheme scores were just below 
mean for his age, indicating slight weakness in that area. His reading comprehension 
and maths school test results were well above average although spelling was below. 
The control task showed his comprehension to be good but hesitant (1,4, 7). Threats 
to his recall evidenced in negative responses to visual or spatial material (1) and in 
complex or high loading tasks requiring high levels o f attentional control and 
deployment (2, 3, 4a, 5, 6). His contrasting simple recall results (PL and VSSP 
tasks) reflected his abilities and weaknesses. There was no evidence o f personal 
strategy use to support simple recall, although he tried repeating material for 
counting recall. His motivation and interactions were good (A, 6). Across training, 
spatial recall was erratic, the rest fairly consistent but with little increase. Post 
training results showed an increase in DR, BR and listening recall but BDR and 
nonword list recall scores decreased post training.
This participant's results also suggest a fit to the proposed model: weakness in 
underlying areas, negative effects o f attentional processing plus weak strategy use
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led to inconsistency in recall results, especially complex recall in his weak VSSP 
area. His SEN status supposed some weakness in his crystallised system resources.
71 Secondary SEN participant (Assessment o f moderate learning difficulties and 
emotional behavioural difficulties).
No consistent difficulties with any particular type o f material (1) but evidence o f 
severe attentional difficulties: cognitive/inattentive and inattentive behaviours a 
problem, very high levels o f hyperactivity with impulsive behaviours also 
problematical (2, 4a, 5/6). Emotional lability and poor coordination posed potential 
threats to recall as did his long-term learning support and low scores in national 
curriculum for his age. His control task was poor showing low level o f reading 
ability requiring assistance indicating that his crystallised system resources could be 
impoverished due to consistent failing in educational achievement, underlying 
phonological awareness and phoneme-grapheme knowledge also being very poor for 
his age (A, 4, 7). His behaviour during testing and training was erratic and dependent 
on his mood (A ) and complex recall was hampered by inability to keep attention and 
his emotional and behavioural problems. Initial recall for complex tasks was very 
poor -  especially BDR (nearly -  2 SD below) with LR being -  1.50 below). 
Perseverance to task could be extreme or not occur at all (2, 3,4a, 5, 6, 7, A).
Strategy use was impaired by his EBD although he did use verbal rehearsal -  
consistent with good profile N W LR  scores. However, training scores were erratic 
across times: increase span for W L and Spatial Circles, CR but V/C remained the 
same. His post training results also varied: increased scores on the two CE tasks, 
decreased in BR and N W LR  (3, 5, 6, A ).
Fit to model: such inconsistency in performance and results reflects attentional 
difficulties and EBD issues: no particular difficulty with any particular type o f 
material confirms impact on learning o f attentional difficulties and behavioural type 
issues.
73 (SEN assessment: severe dyslexia and EBD) had similar pattern o f profile to 71 
although no emotional difficulty issues but more impulsivity. Again, results showed
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less effect o f type o f material on recall but difficulties in attentional control and focus 
to task which also affected strategy use.
72 (SEN assessment o f severe dyslexia)
This participant presented a mix o f difficulties having problems with PL type 
material, digits and complex recall despite motivation and performance behaviour 
being good. (A ) Emotional difficulties mainly related to anxiety and mood swings. 
Levels o f inattention are high with some cognitive/inattentive problems (2).
Poor educational attainment levels and underlying difficulties results indicated 
crystallised systems resources were possibly low in all areas (4, 7). Strategy take-up 
and use was good and training scores increased on simple PL recall tasks but not 
complex or spatial recall. Post training scores improvements were seen in CE tasks 
but decreases in PL tasks, his weakest area consistent with his dyslexia assessment.
Fit to model is indicated by performance, strategy use and recall being affected by 
attentional and behavioural difficulties and long-term problems with educational 
attainment.
74 (SEN assessment o f moderate dyslexia)
1. Difficulties seen from assessment tasks affect both verbal and non-verbal material 
recall. (2, 4, 7) Some attentional issues (inattentive and cognitive/inattentive) indicate 
further threat to recall as does problems with long term store o f information to 
support memory processing (educational attainment level 2 was lowest in his age 
group and control task showed poor reading and inconsistent comprehension).
(6) Simple PL recall reflected underlying problems with phonological awareness and 
abilities but VSSP BR score was also low. Initial complex recall results showed 
most deficit was in BDR. Strategy use was supported by his good motivation (6, A ) 
and use o f a range o f strategies, and thus training tasks results showed consistent 
improvements across trials although with exception o f spatial circles and 
vowels/consonants recall (possibly ceiling effects and hearing issues respectively 
(1)). Inconsistent post training results (decrease in NW LR  and LR, BDR but some 
slight increase in DR and BR) may be due to attentional issues and SEN status (2, 7, 
A ). Results overall suggest model fit.
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312 SEN assessment dyspraxia and EBD
2, A. This participant was a good example o f both types o f attention difficulties 
affecting consistency o f recall results (some inattention and cognitive/inattention but 
higher levels o f hyperactive and impulsive behaviour) but also difficulties with 
digits, visual and spatial material (1) as well as complex recall tasks (3, 5, 6). (A ll 
initial simple recall scores very low except for NW LR; two CE tasks low although 
LR  particularly low at -1.90. BDR was -1.20). Showed difficulties with coordination 
and organisation o f work plus emotional lability and weak support from his 
crystallised systems (lexical/language material issues with coordination and 
left/right/midline) (A , 4, 6, 7).
These issues were reflected in inconsistency o f recall scores, difficulty with CE tasks 
(3, 5, 6) and poor motivation in training and task performance (A ). Post-training 
scores were inconsistent: decrease in N W LR  and BR very slight increase in LR and 
DR, good improvement in BDR.
344 no SEN support ‘control’ primary age participant.
1. Weak fine coordination and left/right/midline scores were reflected in his poor 
VSSP recall. Observations o f some attentional issues (inattention 4/8) and 
hyperactivity (scoring 3/12) were reflected in some inconsistency in test results and 
across training (e.g. poor simple digits recall) (2, 4a, 6). However, to offset these 
issues he had average educational attainment levels and phonological awareness and 
required no SEN support, his rehearsal strategies were very good and he showed 
good motivation and attention to and focus on tasks (A, 4, 6, 7).
31 primary age SEN child. SEN assessment (pending full assessment): ‘General 
learning. ’
This participant had average phonological results but was weak in visual spatial areas 
and this difficulty with material type was reflected in simple PL recall scores being 
in average range but weak in VSSP tasks M M  and BDR (1). Strategy use was 
observed but training results show increase only in counting recall and all post 
training recall scores showed a decrease (6). Some inattention, cognitive/inattention
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issues (scoring 3/8, 3/10) plus lower average range in educational attainment may 
have contributed to inconsistencies in results (2, 4a). His poor scores in VSSP reflect 
attentional weaknesses and visual spatial issues (1,2, 4a, 6, A ).
Further investigations and considerations
Clearly, further research is necessary to provide further evidence for the conclusions 
derived from this work. In particular, the effects o f behavioural and emotional factors 
on memory functioning would seem an important area for further investigation, 
given that the current interpretation o f the findings is that these areas can lead to 
problems both in the functions o f the memory system but also in its effectiveness as a 
way o f supporting the identification and remediation o f learning difficulties. As 
mentioned in the introduction to Chapter 4, Miyake & Shah (1999) have indicated 
that more studies focussing on the effects o f emotion on recall would be pertinent. 
Although it was not possible to draw firm conclusions from the present data, scale 
scores and observations o f  children during testing and training indicated that 
emotional lability and anxiety were, in some way, negatively effecting performance, 
strategy use and recall results.
However, the current work was able only to focus on one questionnaire-based 
measure o f this area and a more qualitative interpretation o f the performance o f 
individual children, so clearly further work is necessary. This may be best seen from 
a multi-disciplinary perspective. In more clinical fields, a common view is that an 
acceptance o f a difficulty can promote insights about the problems and more 
successful outcomes from interventions. It would be interesting to combine such 
awareness with the potential positive benefits o f using abilities in intervention 
procedures to increase self-esteem and efficacy, thereby enforcing a more internal 
locus o f control on the management o f the difficulties. Obviously, this would seem to 
be most likely to be effective with older children, a group which often is the hardest 
to remediate. Therefore, further research combining the effects o f working memory 
functioning with measures o f affect, such as anxiety and self-esteem, emotional 
Stroop and locus o f control, may provide further evidence for the interaction between 
these factors. The findings from such work then could be used as the basis for 
intervention studies focusing on emotional aspects o f learning difficulties that would
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embed this within programmes that emphasise abilities as well as attempt to 
remediate difficulties. Additionally, the differences found across verbal versus visual 
presentation o f digits suggest that responses to material can be provoked by 
emotional or behavioural difficulties, thus endangering recall o f that material. 
Although differences in response to different types o f recall material have been noted 
by Alloway et al (2006) (verbal versus visuo-spatial) and Morey & Cowan (2005) 
(verbal versus visual) in normal populations, a study o f children with 
emotional/behavioural difficulties compared to controls may be o f use in furthering 
this area o f research and also developing the understanding o f emotional impact on 
cognitive functioning. The latter could involve various types o f training in cognitive 
behaviour and emotional control (see educational implications in Salovey & Sluyter, 
1997) and measuring recall responses to material that may have previously provoked 
a negative response from having a weakness in that area.
The second area that may provide a source o f problems for interventions and the use 
o f working memory measures as a way o f identifying different types o f learning 
difficulties was the behavioural problems presented by the children. Again further 
research is necessary here, particularly that which tries to separate the potential 
effects o f  behavioural factors from attentional functioning. The current work 
suggests that these can be dissociated and have differential effects on working 
memory functioning. They may also be the basis o f different types o f AD (H )D  and 
provide the basis for differential diagnoses. However, clearly more work is necessary 
given that the current work showed inconsistent findings across different attention- 
related measures. One possible direction for this further work would be to 
specifically contrast AD (H )D  children with and without hyperactivity problems on 
measures o f working memory. Interactions with the different systems within the 
model proposed in this discussion could then be investigated by assessing 
crystallised and fluid systems through the use o f working memory measures, variants 
on the Brown-Peterson task and measures such as Ravens matrices. The inter­
correlations between measures across groups o f children with different 
behavioural/attentional problems should be informative o f the inter-functioning o f 
these systems.
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A  positive feature o f the data obtained from children with different types o f 
difficulties is that most showed areas o f ability. In study 1, the ADD children 
produced scores in some tasks that were as good i f  not better than controls. Similarly 
some children who also had assessments indicating attentional control problems were 
observed to hyper-focus during task performance and scored better than controls on 
measures such as counting and listening recall as well as timed measures such as 
digit-naming. Also, in the single cases reported, one child who had reported 
cognitive and behavioural difficulties, including aspects o f hyperactivity, used his 
seeming excess energy in a positive way during his task performance. It is 
considered, therefore, that more in-depth studies could identify the qualities that 
enable a child to use a potential area o f  difficulty to positive advantage in terms o f 
working memory. Similarly, the listening recall results o f the dyslexics were 
comparable to those o f the controls. Again, given that this was a word-based task 
involving complex recall and processing (something that traditionally has been 
considered an area o f weakness amongst dyslexic children), this would seem an 
unexpected finding worthy o f further investigation. Variability in this task results as 
discussed in study 2, section 3, were found to be highly associated with age, 
suggesting that further research might best employ a larger cross-sectional or 
longitudinal design. It is possible that development-related aspects o f strategy use 
may be implicated in the listening recall task.
The use o f mnemonic strategies have been found to be implicated in improvements 
in recall results in ADHD (Klingberg, Forssberg & Westerberg, 2002) and may lead 
to an amelioration o f symtoms o f ADHD. Similar positive effects have been found in 
studies o f children and adults with learning difficulties or special educational needs 
(McNamara & Scott, 2001; Mastropieri et al, 2000; Scruggs & Mastropieri, 1992) as 
well as typical populations (Turley-Ames & Whitfield, 2003). Clearly, these data and 
those reported in the present work would seem to argue for the beneficial nature o f 
continuing to elaborate on the effectiveness o f novel strategies and how they can be 
offered to younger age children with learning difficulties to support memory. Given 
that, in general, specific learning difficulties problems can be noticeable early in a 
child’s life, prior to entering the formal learning environment, it may be possible to 
use very simple working memory tasks with a variety o f types o f stimuli to
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investigate individual abilities and preferences for recall amongst children starting 
formal education -  for example, the Automated Working Memory Test Battery 
(A W M A ) developed by Alloway, Gathercole & Pickering (2004) is suitable from 4 
years old. Many practitioners advocate the early remediation o f reading and literacy, 
(for example, Torgesen, 2004), the same obtains to other aspects o f learning, 
harnessing a child’s natural abilities to support development o f meta-memory and 
meta-cognitive strategies as early as possible. Although older children may use 
mnemonic strategies naturally, younger children can be trained to do so (Rosser, 
1999). I f  it were possible to support children at a young age, it may arrest the 
difficulties associated with long term problems in learning such as seen in the single 
case studies in this work. These showed that the blend o f underlying difficulties, 
poor levels o f recall and learning strategies plus behavioural difficulties found in 
individuals with comorbid SpLD were seen to have a negative impact on long term 
educational attainment.
The most useful identifier o f areas o f difficulty and design o f support package for 
improved level o f effectiveness in the learning experience would be an in-depth 
personal profile obtained from a battery o f measures and observations including 
working memory recall measures but also establishing a wider profile o f the 
individual’s strengths and weaknesses that would affect learning outcome. In 
addition to working memory profiling, establishing the individual’ s range o f abilities 
(depending on age level) would include cognitive processing o f a range o f material, 
executive processing (particularly attentional deployment, impulse control, strategic 
planning and self-regulation), individual differences (personal motivation and trait 
levels o f anxiety, stress and self esteem and self-efficacy) plus parent/teacher 
observations o f behaviour and emotion control. The concept o f ‘management by 
profile’ (Levine, 2002, p. 277) rather than by group is particularly apt where 
comorbidity exists. Bespoke strategies for remediation could assist in borderline 
cases as well as those who have more severe difficulties who would be given priority 
support. Such cases where several comorbid SEN exist but at a borderline level, 
could lead to as high a level o f impairment as that engendered by a single area o f 
severe difficulty; impairment level being a critical element in both assessment and 
remediation (see Antshel et al, 2006). Such extensive profiles are often obtained only
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where difficulties have become severe, but this body o f work would suggest that a 
more effective outcome o f learning would be available to individuals whose 
processing o f information is different to that o f the normal population rather than 
deficient in all areas. The government’ s educational policy has for some time 
recognised that bespoke ‘personalised’ learning is vital for ordinary learners and also 
children requiring SEN support. The aim to provide personalised learning being 
described as: ‘ the drive to tailor education to meet every individual need, interest and 
aptitude so as to fulfil every young person’s potential’ (DfES, 2004b, p. 4). The 
provision o f the most effective learning experience for each child begins with 
individual assessments (DfES, 2004a; 2004b). In July o f 2004, the government 
launched a five-year strategy program to support and improve children’s educational 
experiences. At the top o f its five key points was the following: “ Greater 
personalisation and choice, with the wishes and needs o f children's services, parents 
and learners centre-stage.” DfES (2004a, p. 7). ‘Assessment for learning’ is a key 
part in the teachers’ strategies for providing such individualised teaching. Three 
years from then, this strategy, with its emphasis on individual bespoke learning could 
have been written particularly with the SEN participants o f this body o f research in 
mind. Such children show evidence o f qualitatively different types and connections 
in processing to children who have no such difficulties. Harnessing areas o f ability to 
enable these SEN children to learn to best advantage, to recall information and 
instructions enabling them to fulfil requirements in class and as individuals, requires 
both child and teacher to be involved in their individual learning experience. It also 
requires ongoing research into the areas that have been highlighted in this research.
The findings in this body o f work illustrate the importance o f putting in place support 
for underlying building blocks o f learning (working memory processes) which in 
turn support the 'higher-order' learning processes, such as literacy, reading, 
numeracy, and mathematics as well as other curriculum subjects. Appropriate 
alleviation o f attentional control and behavioural and support for emotional 
difficulties provide further protection against poor encoding, and loss o f  recall 
information, again supporting higher-order learning. Gaining more research-based 
understanding o f and supporting these underlying processes seems to be particularly 
important for SEN children who tend to have more extreme profiles and use
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qualitatively different processing to non-SENs. Such continuing investigative 
research and support in schools could be argued to be an integral part o f ensuring the 
SEN child may fulfil his or her potential and funding and provision therefore allotted 
to these aims as appropriate.
Final comments
The results o f this work suggest that working memory measures can be used to 
inform the identification of, and the potential areas o f intervention that can be used 
with, children with learning difficulties. Measures o f different aspects o f the working 
memory model can be useful in distinguishing different types o f learning difficulties 
i f  the results o f the working memory measures are treated cautiously. The work also 
discusses potential threats to working memory functioning, and their potential 
efficacy as diagnostic tools, and possible areas o f protection against such threats, 
particularly strategy use, although it highlights the need for further research in these 
areas to specify the interaction between different learning difficulties related factors 
and working memory measures. It is hoped that this body o f work will provoke 
further discussion and more research into the reasons why some children have 
difficulties with working memory processes and why they fail to reach expected 
levels o f educational achievement for their age. Given more understanding o f the 
individual problems facing such children, they may be supported in the most 
effective ways possible and gain possession o f the self-understanding and tools that 
may help them learn to best advantage and thus fulfil their unique potential in school, 
employment and in life.
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Appendix A: Glossary of Specific Learning Difficulties.
There are some cross cultural differences (between the USA, UK and Canada) in the 
terms and descriptions used when describing or analyzing data from the groups of 
individuals who show difficulties in learning, reading and in attention and cognitive 
abilities. In the USA, (e.g.) Swanson’s RD: reading difficulties/disabled, LD: 
learning difficulties disabled; (Swanson and Saez (2003) defining LD as scoring 
average on IQ tests but below the 25th percentile in reading and/or mathematics). 
Dyspraxia is more commonly cited as DCD (developmental coordination disorder). 
In the UK Dyslexia may be used as a ‘catch-all’ for any type of difficulties with 
learning. Learning disabled in the UK is more likely to be a generic term for those 
with more pervasive and general problems with learning
Although ADD and ADHD (attention deficit hyperactivity disorder) are often used 
synonymously in general, in practice they are separated by the different presenting 
difficulties. The range of attentional difficulties have been given clinical definitions 
have been agreed upon internationally and are listed in the DSM-IV (Barkley, 2007). 
ADD (attention deficit disorder) may also be correctly given the clinical assessment 
of ADHD -I (attention deficit hyperactive disorder, predominantly inattentive; 
ADHD - C is the assessment given where hyperactivity and inattention are both seen 
within an individual. ADHD) is where the form of difficulties relates to 
predominantly hyperactive impulsive difficulties although Barkley (2007) has 
commented that attention deficit is perhaps a misnomer as the underlying issue is 
better described as difficulties with attentional ‘deployment’.
Other impairments associated with ADHD include cognitive processing, language, 
motor development and control of emotions (Barkley, 2007).
For the purposes of this body of work, unless comorbidity is stated (as in SEN 
comorbid group in study 2) dyslexia is primarily related to literacy difficulties, 
dyspraxia primarily poor coordination of movement, organisation of mental and 
physical information, ADD indicates attentional difficulties, ADHD problems with 
attention, hyperactivity and impulsivity and EBD relates to problems with emotional 
and behavioural control. Special educational needs (SEN) refers to support being 
required and provided to assist school based learning. The term MLD is understood
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to refer to ‘moderate learning difficulties’ and a descriptive of ‘general learning 
difficulties’ given at primary age refers to eases where the schools trained special 
needs coordinator (SENCo) has given an initial assessment for purposes of provision 
of SEN support (after referral by a teacher), pending further assessments by an 
educational psychologist or occupational therapist. Control groups were selected on 
the basis of having no known SpLD, have no requirement for SEN provision and 
have had no assessment of any difficulties.
Definitions of specific learning disabilities
Dyslexia
The British Dyslexia Association website currently offers the following definition 
from their publication, “The Dyslexia Handbook” (2006, p.7):
“Dyslexia is a combination of abilities and difficulties that affect the learning 
process in one or more of reading, spelling and writing. It is a persistent condition. 
Accompanying weaknesses may be identified in areas of speed of processing, 
short-term memory, organisation, sequencing, spoken language and motor skills. 
There may be difficulties with auditory and /or visual perception. It is particularly 
related to mastering and using written language, which may include alphabetic, 
numeric and musical notation.
Dyslexia can occur despite normal intellectual ability and teaching. It is 
constitutional in origin, part of one’s make-up and independent of socio-economic 
or language background. Some learners have very well developed creative skills 
and/or interpersonal skills, others have strong oral skills. Some have no 
outstanding talents. All have strengths.”
Developmental Dyspraxia (Developmental Coordination Disorder (PCD))
The Dyspraxia Foundation (2007) (promotional leaflet) define the condition as 
“an impairment or immaturity of the organisation of movement. It is an 
immaturity in the way that the brain processes information, which results in 
messages not being properly or fully transmitted. The term dyspraxia comes from 
the word praxis, which means 'doing, acting'. Dyspraxia affects the planning of 
what to do and how to do it. It is associated with problems of perception, language
Appendix A/continued
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Attention Deficit (Hyperactive) Disorder ( AD(H)D)
Barkley and Edwards (2006, p. 349) define pure cases of AD(H)D thus:
“Discriminating features: difficulties with sustained attention, persistence, 
and resistance to distraction, and/or difficulties with impulse control, 
regulating activity level, and self-regulation.
Consistent features for Combined and Hyperactive-Impulsive Types:
1. Difficulties with concentration, forgetfulness, disorganisation and 
procrastination.
2. Excessively talkative, blurts out comments thoughtlessly
3. Can’t wait for things, wait in line, or take turns; impatient
4. Busy, on the go, fidgety, restless 
Consistent features for predominantly Inattentive Type
1. Passive, sluggish lethargic, or hypoactive.
2. Daydreamy, spacey, easily confused, stares, “in a fog”
V a riable fea tu res (co m o rb id  con dition s an d  th eir lik e lih o o d  in c lin ic -re fe rre d  cases).
1. Specific learning disabilities (20-70%)
2. Specific language disorders (15-60%)
3. Oppositional Defiant Disorder (45-65%)
4. Conduct Disorder (25-45%)
5. Dysthymic Disorder or Major Depressive Disorder (20-30%)
6. Anxiety Disorders
7. Childhood Bipolar I Disorder (3-10%)
8. Poor peer relations (50-70%)
9. Developmental Coordination Disorder (50%+)
10. Poor educational performance (70-90%+), grade retention (25%-50%), or 
suspension/expulsion (15-30%).”
and thought.”
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Appendix B: Study 2 bespoke measures stimuli: digit-name interference practice
1 5  3  7
3  7  5  1
5  1 3  7
1 7  3  5
3  1 5  7
7  3  1 5
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Appendix B: Study 2 bespoke measures stimuli: digit-name interference
5  7  5  7
7  7  5  7
5  5  7  5
5  5  7  5
7  7  5  5
5  5  5  7
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Appendix B: Study 2 bespoke measures stimuli: colour-word interference baseline
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Appendix B: Study 2 bespoke measures stimuli: colour-word interference
YELLOW BLUE RED
YELLOW GREEN RED
RED YELLOW GREEN
BLUE RED YELLOW
YELLOW BLUE GREEN
YELLOW GREEN BLUE
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Appendix C: Chapter 3 study 2: Results of analyses with equalised gender ratios.
Table I. Age, gender ratio and SEN status of the groups of children tested
Dyslexic Other SEN Control
Primary Age
Male:female ratio 10:0 15:2 17:3
Mean age in months (SD) 105.8(18.71) 115.18(16.94) 109.75 (16.16)
Total primary number 10 17 20
Secondary Age
Maie:female ratio 8:3 9:0 18:2
Mean age in months (SD) 151.27(12.8) 148.77(12.86) 156.90(10.52)
Total Secondary number 11 9 20
All participants
Male:female ratio 18:3 24:2 35:5
Mean age in months (SD) 129.60 (28.67) 126.81 (22.41) 132.95 (27.66)
Total all participants 21 26 40
Table 2. Mean scores and standard deviations for each group on each of the measures 
together with the results of analyses of variance comparing the groups
Measures Control n = 40
Mean SD
Dyslexic
n=21
Mean SD
Other SEN 
n = 26
Mean SD
F value 
df=2,84
P value 
Sign
WM PL and phonological ability
W M  Digit recall span (max pos 9) 5.03 0.97 4.24 0.44 4.19 0.69 11.36 <0.01
W M  Nonword list recall span (max pos 6) 2.65 0.53 1.95 0.80 2.00 0.57 12.79 <0.01
PhAB alliteration score (max pos 10) 9.63 0.93 7.62 2.50 8.04 2.32 10.03 <0.01
PhAB rhyme score (max pos 21) 18.80 2.11 11.67 6.84 14.88 4.91 18.13 <0.01
PhAB nonword reading score (max pos 20) 16.53 3.51 8.24 3.90 9.69 6.04 30.55 <0.01
WM VSSP and coordination/motor
W M  Block recall span (max pos 9) 4.25 0.74 4.05 0.67 3.69 0.68 4.91 0.01
W M  Mazes memory span (max pos 8) 4.35 1.27 4.14 1.39 4.04 1.46 0.45 0.64
DST Bead threading score (max pos 14) 9.05 1.60 9.29 2.12 7.54 1.68 7.58 <0.01
BDT Pointing tasks errors (max pos 20) 4.20 3.78 5.95 3.57 6.19 4.88 2.308 0.11
WM CE and inhibition
W M  Listening recall span (max pos 6) 2.23 0.62 1.95 0.67 1.69 0.62 5.69 0.01
W M  Backward digit recall span (max pos 7) 3.45 0.75 2.43 0.51 2.81 0.75 16.26 <0.01
Digit name interference time in seconds 6.09 2.98 9.10 5.60 7.01 3.61 4.02 0.02
Colour - word interference time in seconds 24.05 21.55 25.02 21.10 18.08 9.44 1.06 0.35
Note: W M  = working memory. PL = phonological loop. VSSP = visuo-spatial sketchpad. CE = 
central executive. P values in bold indicate significance less than .05 level
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Appendix C: Chapter 3 study 2: Results of analyses with equalised gender ratios.
Table 3. Post-hoc pairwise comparisons between the groups for each of the
measures
Measures
Other SEN vs 
Dyslexic
Other SEN 
vs Control
Dyslexic 
vs Control
WM PL and phonological ability
W M  Digit recall span (max pos 9) 0.84 <0.01 <0.01
W M  Nonword list recall span (max pos 6) 0.79 <0.01 <0.01
PhAB alliteration score (max pos 10) 0.45 <0.01 (l) <0.01
PhAB rhyme score (max pos 21) 0.02 (i) <0.01 <0.01
PhAB nonword reading score (max pos 20) 0.27 <0.01 <0.01
WM VSSP and coordination/motor
W M  Block recall span (max pos 9) 0.09 <0.01 (l) 0.29
W M  Mazes memory span (max pos 8) 0.79 0.37 0.57
DST Bead threading score (max pos 14) <0.01 (2) <0.01 0.62
BDT Pointing tasks errors (max pos 20) 0.84 0.06 0.12 (2)
WM CE and inhibition
W M  Listening recall span (max pos 6) 0.16 <0.01 0.07
W M  Backward digit recall span (max pos 7) 0.07 (l) <0.01 (l) <0.01
Digit- name interference time in seconds 0.07 (2) 0.36 0.01
Colour - word interference time in seconds 0.21 0.21 0.85
Note: WM — working memoiy. PL  =  phonological loop. VSSP ~ visuo-spatial sketchpad. CE — 
central executive.
P  values in bold indicate significance less than .05 level
1. For the additional analyses separating school level, effect was significant in the primary school 
analysis but not in the secondaiy school analysis
2. For the additional analyses separating school level, effect was significant in the secondaiy school 
analysis, but not the primary school analysis.
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Appendix C: Chapter 3 Study 2: Results section 3.'Primary Versus Secondary Age 
Comparisons
Table 1. Age, gender ratio and S E N  status of the groups of children tested
Dyslexic Other SEN Control
Primary Age
Male:female ratio 10:0 15:2 17:3
Mean age 8 years 10 months 9 years 7 months 9 years 2 months
7 yrs 4 months - 7 years 7 months - 7 years 4 months -
Age range 11 yrs 10 months 11 years 4 months 11 years 5 months
Total primary number 10 17 20
Secondary Age
Male:female ratio 8:3 9:0 18:2
11 years 4 months - 11 years 3 months - 11 years 10 months -
Mean age 14 years 3 months 14 years 3 months 14 years 7 months
Age range 12 years 7 months 12 years 5 months 13 years
Total Secondary number 11 9 20
All participants
Male:female ratio 18:3 24:2 35:5
Mean age 10 years 10 months 10 years 7 months 11 years 1 month
7 years 4 months - 7 years 7 months - 7 years 4 months -
Age range 14 years 3 months 14 years 3 months 14 years 7 months
Total all participants 21 26 40
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Appendix C: Chapter 3 study 2: Results of analyses with equalised gender ratios.
Table 2. Means and standard deviations for each primary age_group on each of 
the measures together with the results of analyses of variance comparing the 
___________________________________groups___________________________________
Measures Control n = 20 
Mean SD
Dyslexic 
n=10 
Mean SD
Other SEN 
n = 17 
Mean SD
F value 
df=2,44
P value 
Sign
WM PL and phonological ability
W M  Digit recall span (max pos 9) 5.00 1.03 4.10 0.32 4.18 0.64 6.73 <0.01
W M  Nonword list recall span (max pos 6) 2.45 0.51 1.70 0.67 2.00 0.57 8.32 <0.01
PhAB alliteration score (max pos 10) 9.60 1.10 6.80 3.08 7.65 2.55 6.59 <0.01
PhAB rhyme score (max pos 21) 18.95 2.11 11.20 6.89 15.00 5.11 9.95 <0.01
PhAB nonword reading score (max pos 20) 15.30 3.51 6.40 3.65 8.41 6.01 16.39 <0.01
WM VSSP and coordination/motor
W M  Block recall span (max pos 9) 4.25 0.86 3.90 0.74 3.47 0.62 4.94 0.01
W M  Mazes memory span (max pos 8) 3.90 1.37 3.50 1.65 3.41 1.42 0.58 0.57
DST Bead threading score (max pos 14) 8.70 1.41 8.20 1.93 7.47 1.84 2.43 0.10
BDT Pointing tasks errors (max pos 20) 5.95 4.33 7.00 3.92 7.82 5.05 0.79 0.46
WM CE and inhibition
W M  Listening recall span (max pos 6) 2.05 0.60 1.60 0.70 1.59 0.62 3.03 0.06
W M  Backward digit recall span (max pos 7) 3.50 0.69 2.20 0.42 2.76 0.66 15.27 <0.01
Digit name interference time in seconds 6.44 3.64 10.24 7.35 8.21 3.69 2.27 0.12
Colour - word interference time in seconds 25.33 15.09 25.40 24.20 18.02 10.96 1.11 0.34
Note: WM  =  working memory. PL  =  phonological loop. VSSP =  visuo-spatial sketchpad. CE  =  
central executive. P  values in bold indicate significance less than .05 level
Table 3. Means and standard deviations for each secondary age_group on each of the 
measures together with the results of analyses of variance comparing the groups
Measures Control n = 20 
Mean SD
Dyslexic 
n=10 Mean SD
Other SEN n = 17 
Mean SD
F value df=2,44 P value Sign
WM PL and phonological ability
W M  Digit recall span (max pos 9) 5.05 0.94 4.36 0.50 4.22 0.83 4.23 0.02
W M  Nonword list recall span (max pos 6) 2.85 0.49 2.18 0.87 2.22 0.67 4.98 0.01
PhAB alliteration score (max pos 10) 9.65 0.75 8.36 1.63 8.78 1.72 3.95 0.03
PhAB rhyme score (max pos 21) 18.65 2.16 12.09 7.11 14.67 4.80 7.72 <0.01
PhAB nonword reading score (max pos 20) 17.75 3.13 9.91 3.45 12.11 5.64 16.31 <0.01
WM VSSP and coordination/motor
W M  Block recall span (max pos 9) 4.25 0.64 4.18 0.60 4.11 0.60 0.16 0.85
W M  Mazes memory span (max pos 8) 4.80 1.01 4.73 0.79 5.22 0.44 0.99 0.38
DST Bead threading score (max pos 14) 9.40 1.73 10.27 1.85 7.67 1.41 5.97 0.01
BDT Pointing tasks errors (max pos 20) 2.45 2.04 5.00 3.10 3.11 2.67 3.72 0.03
WM CE and inhibition
W M  Listening recall span (max pos 6) 2.40 0.60 2.27 0.47 1.89 0.60 2.54 0.09
W M  Backward digit recall span (max pos 7) 3.40 0.82 2.64 0.50 2.89 0.93 3.78 0.32
Digit- name interference time in seconds 5.75 2.18 8.06 3.41 4.72 2.12 4.71 0.02
Colour - word interference time in seconds 22.76 26.87 24.68 19.05 18.19 6.20 0.23 0.80
Note: WM -  working memory. PL  - phonological loop. VSSP = visuo-spatial sketchpad. CE -  
central executive. P  values in bold indicate significance less than .05 level
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Appendix D: Chapter 4 study 3: bespoke measures stimuli: forward verbal digit 
span sequences of items (reverse condition requires participant to reverse the 
numbers on recall)
1 DIGIT RECALL Name Code
Equipment: taped numbers on dictaphone. Score sheet.
Procedure: Play tape, pausing at end of sequence. Tick or cross answers on sheet.
Stop the tape if the participant incorrectly repeats back two groups one
after the other. If the participant gets one wrong, then
one right, carry on until two consecutive answers are wrongly answered.
"The tape is going to say some numbers. Listen carefully.
When I pause the tape, say the numbers back to me in correct order.
So if the tape said 2,3,4 you would also say 2,3,4.
There will be two numbers to start with, then three and so on.
We will have a practice first."
practice task
2-9
1-3-4
1 - 5 - 6 - 7
main task
Trial
5 - 3- 8 3/1
6-7-1 3/2
4 - 3 - 9 - 6 4/1
7-1 - 8-3 4/2
3- 2 - 6 -  1 -4 5/1
8 - 6 - 4 - 7 - 2 5/2
9 - 6 - 5 -  1 - 7-8 6/1
8 - 7 - 2 - 5 - 1  - 4 6/2
5-7-1 - 4- 6 - 8 - 3 7/1
1 - 6 - 9 - 3 - 2 - 8 - 5 7/2
7 - 1 - 2 - 3 - 5 - 4 - 8 - 6 8/1
2 - 6 - 7 - 8 - 3 - 5 - 1  - 4 8/2
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Appendix D: Chapter 4 study 3: bespoke measures stimuli: forward visual digit span sequences 
of items (reverse condition requires participant to reverse the numbers on recall)
2. FORWARD DIGIT SPAN - VISUAL Name Code
Equipment: pack of cards. Score sheet.
Procedure: read instructions. Deal cards pausing at blanks to record answers. Stop 
dealing if two wrong in any one group.
"I will show you some cards with digits on them one. Look at them
carefully. When you see a blank card, repeat the numbers to me in the right order. 
So if you saw 2 3 4, you would say 2,3,4.
There will be two numbers to start with, then three and so on.
We will have a practice first."
practice task Trial
9-1
3 -9 -8
1 - 4 - 7 - 2
main task Trial
8 - 7 - 2 3/1
5-8-1 3/2
7 - 8 - 6 -4 4/1
9-7-1 -3 4/2
5 - 8 - 6 - 3 - 9 5/1
2-1 - 8 - 9 - 3 5/2
9 - 2 - 4 - 8 - 7 - 1
6/1
9 - S - 7 - 4 - 3 - 8 6/2
4-8-1 - 2 - 5 - 9 - 7 7/1
6 - 9 - 4 - 2 - 7 - 3 - 1 7/2
2 - 6 - 8 - 5 - 1 - 3 - 9 - 4
8/1
1 - 4-  6 - 3- 5- 9- 2- 8
8/2
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Appendix D: Chapter 4 study 3: bespoke measures stimuli: visual digit span task 
example of cards
1
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Appendix D: Chapter 4 study 3: bespoke measures stimuli: spatial circles recall 
span task
3. random discs sequence Name Code
Equipment: A4 sheet of blue paper with random points marked. 9 Draughts.
Score sheet.
Procedure: point to discs which have been previously placed on blue sheet.
Mark correct/incorrect scores on the sheet, discontinue if two trials are incorrect.
If only one wrong continue to next group.
“there are some discs on this sheet. I will point to some and I would like 
you to point to them in the same order.
There will be two discs to start with, then three and so on.
We will have a practice to make sure you get the idea.”
Practice
T1 T2
1
2
2
1
T1 MAIN TASK T2
2 3 1
1
2
3
Group 3 Score
T1 T2
T1 T2
2 3
4 1
1
CO 4
2
Group 4 Score
T1 T2
T1 T2
5 1
CO 4
CM
5
2 1
3 4
Group 5 Score
T1 T2
stimuli: spatial circles recall
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Appendix E: Chapter 5 study 4: bespoke measures stimuli: vowel/consonants 
recall span task_______________________________________________________
vowel/consonants recall task - participant:... ....................
T 1 I 2 T 3 T 4 T 5
practice list responses score
F YH w
A O  Y
recall list
2 L R
Y  1
F W
R Y
1 A
F H
3 L H  W
O R A
W R F
L W A
1 0  L
H Y F
4 L Y F O
A H  R 1
F W L A
Y O F R
W L A I
0  Al F
5 H F W I  A
R L F W I
H R O  Al
W F  A Y H
1 Y F L R
A L W R O
6 O H Y F L A
F Y L R A H
A O F L Y I
R L Y F O I
O W A H R L
L F R H W O
7 1 Y O R W L F
L W O Y F A I
Y H R L F W A
F L O H  W A I
R H L Y A W F
O F W R I Y H
2 4 1
Appendix E: Chapter 5 study 4: bespoke measures stimuli: spatial circles recall 
span task__________________________________________________________ ______
spatial circle recall task - participant:............ ........................
T 1 T 2 T 3 T 4 T 5
practice list responses scores
28
79
527
recall list
2 57
94
28
79
4 1
23
3 538
67 1
872
58 1
465
392
4 5926
1374
285 1
9627
85 14
6  142
5 3284 1
75284
376 1 4
82 193
49257
1 5 876
6 639251
295713
162594
759264
681375
527386
7 4 96 7 85 2
5869214
9375281
256 3 81 4
735 9 18 2
628 7 49 3
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Appendix F: Chapter 5 study 4: results of mnemonic strategy practice comparing
profiles and SEN assessments, primary age /I
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Appendix F: Chapter 5 study 4: results of mnemonic strategy practice comparing
profiles ami SEN assessments., primary age /2
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Appendix F: Chapter 5 study 4: results of mnemonic strategy practice comparing
profiles and SEN assessments, primary age /3
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Appendix F: Chapter 5 study 4: results of mnemonic strategy practice comparing
profiles and SEN assessments, secondary age participants/1
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Appendix F: Chapter 5 study 4: results of mnemonic strategy practice comparing
profiles and SEN assessments, secondary age participants/2
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